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INTRODUCTION 


Polymeric  binder  materials  have  been  used  for  some  time  as  composite  propellants  in 
a  number  of  Defense  systems  (1-3).  These  include:  polyneopentyl  glycol  azelate  (NPGA) 
in  HAWK;  hydroxy-terminated  polybutadiene  (HTPB)  in  VIPER,  PATRIOT,  MET 
ROCKET,  GSRS,  PERSHING,  and  HELLFIRE;  polybutadiene  acrylic  acid  (PBAA)  in 
PERSHING  and  SPARTAN;  and  polyethylene  glycol  (PEG),  polyethylene  glycol  adipate 
(PEGA),  and  polycaprolactone  (PCD)  in  composite  smokeless  propellants. 

However,  the  polydisperse  nature  of  these  binders  gives  rise  to  significant  differ¬ 
ences  in  the  various  combustion  properties  of  the  respective  propellant,  hence  the  engine 
itself.  Further  compounding  the  problem  is  that  the  analytical  procedures  currently 
employed  for  characterization  of  the  respective  prepolymers  are  difficult  and  time- 
consuming.  Moreover,  there  is  considerable  disagreement  at  the  present  time  regarding 
interpretation  of  the  results  of  such  analyses  even  when  performed  in  good  faith,  and 
correlation  of  the  results  with  the  properties  (e.g.,  curing)  of  the  resultant  polymer  (4-8). 

Contract  F04611-84-K-0016  was  therefore  let  by  the  Air  Force  Astronautics 
Laboratory  to  Prof.  R.  J.  Laub  to  explore  and  to  clarify  the  situation  regarding  the 
analysis  of  propellant  prepolymers;  and  to  develop  and  optimize  strategies  pertaining  to 
speciation  according  to  molecular  weight,  to  degree  of  branching,  and  to  functionality 
distribution.  The  methods  employed  in  that  work  centered  largely  upon  liquid 
chromatography,  gel  permeation  chromatography,  density,  viscosity,  vapor-phase 
osmometry,  differential  scanning  calorimetry,  infrared  and  nuclear  magnetic  resonance 
spectroscopy,  and  mass  spectrometry. 

It  was  also  found  during  the  course  of  the  work  that  the  technique  known  as  ’’inverse" 
gas  chromatography  (IQC)  offered  an  additional  and  very  powerful  supplemental  tool  for 
the  characterization  of  R-45M,  Moreover,  the  method  appeared  to  be  simpler,  faster, 
more  accurate,  and  provide  a  much  higher  information  content,  than  any  combination  of 
conventional  techniques  currently  employed  for  these  purposes. 

Briefiy,  IGC  makes  use  of  the  retention  behavior  of  probe-solutes  to  examine  the 
properties  of  the  stationary  phase  (here,  R-45M).  For  example,  discontinuities  in  van't 
Hoff  plots  of  log(retention)  against  inverse  temperature  can  be  used  to  determine 
polymer  gl^ss  transitions,  liquid-crystalline  phase  behavior,  and  so  forth.  However,  the 
technique  can  also  be  used  to  assess  the  stationary-phase  molecular  weight  and  hydroxyl 
content;  and,  potentially,  the  type  and  extent  of  chain  branching  as  well. 

Some  very  promising  results  were  then  obtained  in  preliminary  work.  As  a  result, 
and  since  virtually  nothing  was  known  about  the  utility  of  IQC  for  species  such  as 
hydroxy-terminated  polybutadiene,  the  current  Contract,  F04611-87-K-0006,  was  let  for 
exploratory  study  and  further  assessment  of  the  inverse  gas-chromatographic  technique 
as  a  method  for  characterizing  R-4SM.  In  addition,  it  was  intended  that  the  fundamental 
analytical  developments  and  resultant  practical  methodologies  and  techniques  arising 
from  the  work  also  be  made  applicable  to  analysis  and  routine  quality  control  of  virtually 
any  prepolymer  system,  particularly  those  that  are  not  readily  amenable  to 
characterization  by  the  above-mentioned  conventional  means. 


THEORY  OP  INVERSE  GAS  CHROaiATOGRAPHY 

Interest  in  the  polymer  uptake  of  simple  to  complex  compounds  dates  back  to  well 
before  the  time  of  Raoul t,  and  has  Included  such  diverse  phenomena  as  the  aqueous 
swelling  of  cellulose  and  the  fast-dyeing  of  fibers.  In  this  Century,  the  experimental 
study  of  solute/polymer  interactions  has  for  the  most  part  centered  upon  activity  coef¬ 
ficient  data,  and  their  Interpretation  in  terms  of  theories  such  as  those  associated  with 
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Hildebrand,  Scatehard,  Flory,  Prigogine,  Patterson,  and  others.  However,  while  these 
efforts  have  certainly  been  attended  with  some  success,  it  can  hardly  be  claimed  that 
any  high  degree  of  quantitative  reconciliation  has  been  achieved  for  other  than  simple 
hydrocarbon  systems.  Nor  is  the  matter  a  trivial  one,  since  activity  coefficients  and  the 
associated  thermodynamic  properties  of  solution  account  for  very  many  physicochemical 
phenomena  of  both  fundamental  as  well  as  applied  interest  in  many  branches  of  the 
physical  sciences. 

Closely  allied  with  the  above,  inverse  gas  chromatography  has  been  used  extensively 
for  the  study  of  solute-polymer  interactions,  including  phase  transitions:  this  or  that 
material  is  employed  as  a  stationary  phase,  and  discontinuities  in  van't  Hoff  plots  of  log 
(probe-solute  relative  retentions)  (usually  n-alkanes)  are  used  to  determine  e.g.  the 
degree  of  crystallinity,  glass  transitions,  and  so  forth.  Solute/polymer  activity  and 
partition  coefficient  data  are  also  readily  derived  from  the  technique,  and  have  been 
employed  inter  alia  to  investigate  polymer  swelling  and  solute/polymer  surface 
adsorption. 


The  GC  method  of  characterizing  polymeric  solvents  derives  initially  from  the 
relation  (9):  ^ 


where  is  the  fully-corrected  solute  liquid-gas  partition  coefficient,  *y?is  the  solute 
mole-fraction  based  Raoult*s-law  activity  coefficient,  ^  is  its  fugacity  (approximately 
equal  to  its  vapor  pressure)  at  the  column  temperature  Tyand  Vg  is  the  molar  volume  of 
the  solvent  (stationary  Qh^e)*  Partition  coefficients  are  measured  directly  in  the  GC 
technique,  from  which  ’^^are  calculated  and  from  which  the  excess  Jhegmodynamic 
properties  can  then  be  derwed.  van't  Hoff  plots  either  of  In  k2  or  of  In  y^against  T"^ 
also  yield  information  regarding  phase  transitions.  " 

In.the  instances  of  polymeric  solvents,  the  solute  specific  retention  volume  (units 
of  cm  ^  g”^)  is  utilized:  ® 

^  _.A  „  ____  .lu.  tn  ^  (2) 


V|  *  Kg(273/rgT  *  273R/'^irf  pg 

where  rg  is  the  density  of  the  stationary  phase  and  ^y^is  the  weight-fraction  based 
activity  coefficient  of  the  solute  of  molecular  weight  * 
fraction  based  activity  coefficients  are  related  by: 

w„aj  _  Xwoo 


where  mole-  and  weight- 


irr= 


(3) 


The  inverse  gas  chromatographic  technique  thus  can  be  used  to  assess  physicochem¬ 
ical  properties  (viscosity,  functionality,  molecular  weight,  etc.)  of  the  liquid  phase  via 
measurement  of  the  specific  retention  volumes  and/or  activity  coefficients  of  probe- 
solutes.  That  is,  the  microstructure  of  this  or  that  material  can  be  determined  simply  by 
fabricating  a  GC  packing  from  it  and  then  measuring  the  retentions  of  appropriate  probe- 
solutes.  Moreover,  high-precision  gas  chromatographic  instrumentation  (10)  is  capable  of 
levels  of  reproducibility  of  j;  1%. 

For  example,  according  to  eqn.  1,  partition  coefficients  vary  inversely  as  the 
stationary-liquid  molecular  weight  and  so,  the  retentions  of  n-alkanes  offer  a  measure  of 
Mg  irrespective  of  the  nature  of  the  prepolymer.  Also,  alcohol  and  ketone  solutes  are 
presumably  sensitive  to  the  hydroxyl  content  of  species  such  as  R-45M  and  so,  would  be 
the  appropriate  probe-solutes  for  gauging  this  property  of  this  prepolymer.  In  addition, 
simulated  aging  can  be  carried  out  by  passing  air  of  a  ^ven  humidity  through  the  column 
at  some  appropriate  temperature  and  then  rechromatogrephing  the  probe-solutes;  where 
differences  in  the  retentions  measured  before  and  after  aging  reflect  the  kinds  and 
magnitudes  of  changes  that  have  taken  place. 
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CONTRACT  OVERVIEW.  PHASE  I: 

PRELIMINARY  ASSESSMENT;  MOLECULAR-WEIGHT  DISTRIBUTION 


The  initial  Phase  of  this  Contract  was  designed  to  confirm,  first,  that  IGC  retentions 
indeed  correlate  at  least  with  molecular  weight;  and,  secondly,  to  establish  which  solutes 
exhibit  the  greatest  sensitivity  to  molecular-weight  differences  in  lots  of  R-45M.  It  was 
then  intended  that  nomographs  of  solute  retentions  (of  whatever  form)  against  some 
function  of  the  stationary-phase  molecular  weight  be  constructed  and  tested. 

Task  1.  Preliininary  Assessment  of  Probe^lute  Retentions  with  Lots  of  R-45M 

In  carrying  out  the  preliminary  studies,  the  specific  retention  volumes  V2  and 
activity  coefficients  y?of  a  variety  of  probe  solutes  were  measured  with  several 
purportedly  well-chara«erized  batches  of  R-45M  by  high-precision  gas-liquid  chromato¬ 
graphy  (GLC)  at  from  30*  to  80®C  at  intervals  of  10®.  Aliphatic,  heterofunctional 
aliphatic,  alicyclic,  heterocyclic,  and  aromatic  hydrocarbon  solutes  were  considered  (ca. 
30  in  all).  Replicate  runs  with  several  batches  of  R-45M  were  also  performed.  Liquid 
loadings  were  ca.  S%  on  Chromosorb  G  (AW;  DMCS-treated);  one  batch  was  repeated 
with  10%  w/w  liquid  loadjng  to  check  fw  gas-liquid  interfacial  effects.  From  these  data, 
the  Gibbs  free  energy  AGg  ,  enthalpy  AHg,  and  entropy  ASg  of  solution  were  calculated 
from  the  specific  retention  volume^  and,°also,  from  the  activity  coefficients,  the  excess 
free  energy  G®,  enthalpy  H®,  entropy  S®,  heat  capacity  C®,  and  Flory-Huggins 
interaction  parameter  X.  The  probe-solutes  whose  retentions  appeared  to  be  a  function 
of  prepolymer  molecular  weight  were  then  identified. 

Task  2.  Average  Molecular  Weight 

Narrow  molecular-weight  fractions  of  two  batches  of  R-45M  were  cut  by  solvent 
extraction.  The  molecular  weights  of  each  were  characterized  by  suitable  means.  All 
probe-solutes  were  run  with  each  fraction.  The  solutes  whose  retentions  correlated  with 
prepolymer  molecular  weight  were  identified.  Functions  capable  of  reduction  to 
nomograph  form  that  directly  relate  probe-solute  retentions  with  prepolymer  molecular 
weight  were  then  formulated.  Several  polybutadiene  prepolymers,  characterized  by 
GPC,  were  employed  as  stationary  phases  for  further  confirmation  of  the  choice  of 
appropriate  probe-solutes  and  the  retention/molecular-weight  nomographs  (i.e.,  materials 
similar  to  R-45M  except  for  hydroxyl  content). 


PHASE  E:  HYDROXYL  CONTENT 


The  second  Phase  of  the  Contract  was  designed  to  investigate  the  assessment  of 
hydroxyl  content  of  R-45M  by  Inverse  gas  chromatography.  The  OH  contents  of  several 
lots  of  R-45M  were  to  be  measured  first  by  the  classical  technique  of  FT-IR.  Probe- 
solutes  whose  retentions  correlated  with  OH  content  were  then  to  be  Identified. 

Task  L  Wet-Chemical/Instrumental  Determination  of  Absolute  Hydro;^!  Content 

In  the  initial  stages  of  this  Phase,  several  grams  of  narrow  molecular-weight 
fractions  of  three  purportedly  well-characterized  batches  of  R-45M  used  in  Phase  I,  Task 
1,  were  cut  by  the  solvent-extraction  method.  The  molecular-weight  ranges  of  each 
fraction  of  each  prepolymer  were  measured  by  GPC,  The  hydroxyl  contents  of  the 
fractions  were  also  measured  by  FT-IR, 
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Task  2.  GLC  Determination  of  Hydroxyl  Content 

Several  of  the  prepolymers  were  next  used  as  GLC  stationary  phases.  The  complete 
bank  of  probe-solutes  was  employed  at  30-80®C  and  the  retention  information  (Vg,  etc.) 
described  in  Phase  I,  Task  1  was  derived.  It  was  found  that  several  of  the  probe%olutes 
exhibited  retentions  that  correlated  with  the  hydroxyl  content.  Nomographs  that 
directly  relate  probe-solute  retentions  with  prepolymer  hydroxyl  content  were 
formulated. 

Ta^  3.  H3^dro^l  Distribution 

At  least  one  diketone  solute  was  included  with  the  bank  of  probe-solutes.  It  was 
intended  to  attempt  to  correlate  its  retentions  with  hydroxyl  distribution  in  terms  of 
elution  times  that  are  In  excess  of  those  for  the  previously-identified  hydroxyl-content 
probe-solutes.  That  is,  the  retentions  of  the  diketone  would  be  expected  to  be  identical 
to  a  monoketone  of  the  same  carbon  number  if  the  hydroxyl  distribution  were  uniform. 
However,  the  former  would  exhibit  longer  retentions  than  the  latter  if  the  prepolymer 
contained  closely-spaced  hydroxyl  groups  with  which  both  carbonyls  of  the  diketone  could 
interact  simultaneously.  The  results  were  ambiguous. 


PHASE  m:  CHARACTBRIZA'nON 


The  third  Phase  of  the  Contract  was  designed  to  demonstrate  the  characterization  of 
three  or  four  selected  lots  of  R-45M  by  inverse  gas  chromatography.  It  was  intended  in 
particular  to  determine  if  differences  in  the  inverse  GC  retentions  could  be  correlated 
with  changes  in  the  physicochemical  properties  of  the  polymers.  Provided  they  were 
available,  it  was  also  hoped  that  the  results  could  be  correlated  with  polymer  viscoelastic 
properties  provided  by  AL. 

Task  1.  Inverse  GC  of  Selected  Lots  of  R-45M 

Four  lots  of  R-45M  were  characterized  by  IGC  in  terms  of  molecular  weight  and 
hydroxyl  content  in  this  portion  of  the  work.  Three  of  the  materials  were  provided  by  AL 
(lots  ”40",  "42B",  and  "V004";  see  later),  while  the  fourth,  R20LM,  was  received  from 
Sartomer.  The  latter  material  was  said  to  be  a  "standard"  batch  of  prepolymer  that  was 
simUar  to  ARCO  X-20LM, 

Task  2.  Chain  Brandling 

Chain  branching  effects  on  the  GC  retentions  were  looked  for;  none  were  evident. 
This  result  correlated  with  that  obtained  for  chain  branching  by  classical  techniques 
(Drott  analysis,  etc.)  in  the  previous  Contract  effort,  viz.,  that  chain  branching  in  these 
samples  cannot  be  detected  by  the  methods  employed. 


EXPERIMENTAL  SECTION 

Apparatus  and  Equipment 

The  high-precision  gas  chromatograph  employed  in  this  work  was  equivalent  to  the 
system  described  and  discussed  elsewhere  (10,11).  Briefly,  the  GC  consisted  of  a  water- 
bath  column  thermostat  (Neslabs  Endocal  RTE-8  capable  of  ±  0.05®  precision,  as 
measured  to  +  0.02®  with  a  Hewlett-Packard  2802A  digital  read-out  platinum  resistance 
system),  a  Hamilton  glass-lined  injection  port,  a  Brooks  dual-channel  flow  controller,  a" 
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Gow-Mac  thermal  conductivity  detector,  and  a  Houston  Instruments  stripchart 
recorder.  The  instrument  was  also  fitted  with  a  soap-bubble  flowmeter  and  U.S.  Gauge 
gauges  for  measurement  of  the  column  sample  and  reference  inlet  pressures.  Retention 
times  were  measured  to  ±  0.01  sec  with  a  Siliconix  ET  200  electronic  stopwatch.  The 
analytical  GC  was  a  conventional  Varian  Model  14  (FID  detection). 

The  FT-IR  was  a  Mattson  Alpha-Centauri  system,  equipped  with  a  standard  solutions 
cell  (sodium  chloride  windows). 

The  gel-permeation  chromatograph  was  a  Varian  Model  8500,  equipped  with  a 
Rheodyne  injection  valve  and  a  Knauer  differential  refractometer.  The  solvent  was 
stabilized  (BHT)  tetrahydrofuran  (THF)  throughout.  The  GPC  column  was  from  PL 
Laboratories,  30  cm  x  9  mm  i.d.,  and  was  1000  Angstroms  in  porosity. 

Materials  and  Suppli» 

Prepolymers.  Samples  of  R-45M,  designated  as  Poly  bd  X-IOLM,  X-14LM,  X-20LM, 
X-25LM,  and  X-120HM,  were  obtained  from  ARGO  Chemical  Co.,  Newtown  Square,  Pa. 
The  materials  have  been  described  elsewhere  by  Hinney,  Babiec,  Jr.,  and  Murphy  (12), 
and  by  Arnold,  Baghdadchi,  Hinney,  and  Meyers  (13),  and  are  summarized  below  in  Table 
1.  Samples  of  R-4SM  designated  at  lots  40,  42B,  and  V004  were  received  from  Thiokol 
via  AL.  Additional  R-4SM  lots  are  described  later.  One  sample  of  R-45M,  R20LM,  was 
obtained  from  Sartomer,  and  was  claimed  to  be  nearly  identical  to  ARCO  X-20LM.  The 
polybutadiene  standards,  also  obtained  from  AL,  were  originally  from  Goodyear.  All 
other  chemicals  and  reagents  were  from  Aldrich  or  were  supplied  by  AL. 


TABLE  1.  Properties  of  Indicated  Bulk  Lots  of  ARCO  R-45M  (12,13) 


Designation 

n/cP  (25®C) 

M^/Da 

OH/meq 

lOLM 

988 

1  040 

1.7 

1.73 

14LM 

1  450 

1  420 

1.5 

1.40 

20LM 

1  868 

1  350 

1.4 

1.40 

25LM 

2  610 

.1  630 

1.2 

1.18 

120HM 

11  462 

3  335 

- 

0.59 

Probe-Solutes.  Roughly  30  solutes  were  employed  throughout  this  work.  They  were 
chosen  so  as  to  provide  data  representative  of  the  behavior  of  straight,  branched, 
alioyclic,  heterocyclic,  aromatic,  and  halohydrocarbons. 

Physical  Properties.  The  molecular  weights  and  critical  properties  of  the  probe- 
solutes  are  listed  in  Table  2  (14-16).  The  latter  data  were  required  for  calculation  of  the 
fugaciiy  correction  to  the  solute  activity  coefficients  (17). 

Antoine  Constants  and  Vapor  Pressures.  In  order  to  calculate  solute  activity 
coefficients  it  is  necessary  to  know  their  vapor  pressures  at  the  temperature(s)  of 
interest.  The  most  expeditious  means  of  reporting  such  data  over  a  range  of 
temperatures  (t  in  *C)  is  with  what  is  known  as  the  Antoine  equation: 

log  pj  =  A  -  [B/(t/*C  +  C)]  (4) 

The  constants  A,  B,  and  C  are  then  known  as  the  Antoine  constants,  and  are 
temperature-independent.  Solute  vapor  pressures  p^  can  thereby  be  calculated  at  any 
temperature  of  interest  over  which  the  constants  are  valid. 
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The  Antoine  constants  (16,18-20)  for  the  probe-solutes  employed  in  this  work  are 
provided  in  Table  3  below;  while  the  resultant  calculated  vapor  pressures  at  30-80®C  are 
then  presented  in  Table  4  following. 


TABLE  2.  ^Molecular  Weights  M/Da,  and  Critical  Temperatures  T®/K  and  Volumes 
V®/cm^  mol”^  for  Indicated  Probe-Solutes  (14-16) 


Probe  Solute 

M/Da 

T°/K 

V°/cm^  mor 

n-Pentane 

72.146 

469.77 

311.021 

n-Hexane 

86.172 

507.85 

368.041 

n-Heptane 

100.198 

540.16 

426.042 

n-Oetane 

114.224 

569.35 

486.023 

3-Methylpentane 

86.1727 

504.35 

367.007 

2,3-Dimethylpentane 

100.198 

537.75 

405.000 

3-Methylhexane 

100.198 

535.55 

418.026 

3-Methylheptane 

114.224 

565.15 

478.027 

1-Hexene 

84.156 

501.15 

365.405 

1-Heptene 

98.182 

535.15 

416.979 

1-Octene 

112.208 

565.15 

468.244 

Benzene 

78.108 

562.60 

260.334 

Toluene 

92.134 

593.95 

319.981 

Ethylbenzene 

106.160 

619.55 

366.040 

o-Xylene 

106.160 

632.15 

380.053 

p-Xylene 

106.160 

618.15 

369.437 

Cyclohexane 

,  84.156 

554.15 

309.610 

Methyloyclohexane 

98.182 

572.15 

344.521 

Tetrahydrofuran 

72.108 

541.15 

223.967 

Thiophene 

84.138 

570.15 

249.890 

Acetone 

58  081 

508.15 

208.975 

Methyl  Ethyl  Ketone 

7J.X08 

536.75 

267.016 

Methyl  Propyl  Ketone 

86.135 

561.05 

301.042 

Methyl  Butyl  Ketone 

100.162 

587.05 

Acetylacetone 

128.173 

«• 

- 

Methylene  Chloride 

84.940 

525.15 

_ 

Chloroform 

119.389 

536.35 

239.005 

1-Chloropentane 

106.595 

- 

- 

n-Butyronltrlle 

69.107 

582.25 

n-ValeronitrUe 

83.134 

- 

- 
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TABLE  3.  Antoine  Constants  A,  B,  and  C  (16,18-20)  (Cf.  £qn.  4)  for  Indicated  Probe- 
Solutes 


Probe  Solute 

A 

B 

C 

n-Pentane 

6.8S221 

1064.63 

232.2 

n-Hexane 

6.87776 

1171.53 

224.366 

n-Heptane 

6.90240 

1268.115 

216.90 

nrOctane 

6.92377 

1355.126 

209.517 

3-Methylpentane 

6.84887 

1152.368 

227.129 

2,3-DiiAethylpentane 

6.8S382 

1238.017 

221.823 

3-Methylhexane 

6.86764 

1240.196 

219.223 

3-Methylheptane 

6.89944 

1331.53 

212,414 

1-Hexene 

6.86572 

1152.971 

226.0 

1-Heptene 

6.90069 

1257.505 

219.18 

1-Octene 

6.93263 

1353.5 

212.764 

Benzene 

6.90S65 

1211.033 

220.79 

Toluene 

6.95334 

1343.943 

219.377 

Ethylbenzene 

6.95719 

1424.255 

213.206 

o-Xylene 

6.99891 

1474.679 

213.686 

p-Xylene 

6.99052 

1453.43 

215.307 

Cyclohexane 

6.84498 

1203.526 

222.863 

Methylcyclohexane 

6.82689 

1272.864 

221.630 

Tetrahydrofuran 

6.99515 

1202.29 

226.254 

Thiophene 

6.95926 

'  1246.038 

221.354 

Acetone 

7,129877 

1216.689 

230.275 

Methyl  Ethyl  Ketone 

7.059537 

1259.223 

221.758 

Methyl  Propyl  Ketone 

7.014347 

1309.592 

214.561 

Methyl  Butyl  Ketone 

7.037397 

1401.738 

209.646 

Acetylacetone 

6.86495 

1377.34 

208.35 

Methylene  Chloride 

7.07138 

1134.6 

231.0 

Chloroform 

6.90328 

1163.0 

227.0 

1-Chloropentane 

6.96617 

1332.890 

218.50 

n-Butyronitrile 

7,70502 

1825.767 

260.971 

n-Valeronitrile 

7.10487 

1519.367 

218.435 
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TABLE  4.  Probe-Solute  Vapor  Pressures  p^/torr  at  30-80*C 


p^/torr 


30®C 

40°C 

50°C 

60°C 

70°C 

80°C 

n-Pentane 

619.4 

873.2 

1201. 

1617. 

2135. 

2768. 

n-Hexane 

187.2 

279.6 

405.5 

573.0 

790.9 

1069. 

n-Heptane 

58.39 

92.52 

141.6 

210.3 

303.7 

427.8 

n-Octane 

18.46 

31.12 

50.38 

78.70 

119.1 

175.1 

S-Methylpentane 

232.9 

342.7 

490.4 

684.5 

934.2 

1250. 

2,3-Dimethyl- 

pentane 

86.61 

133.5 

199.2 

289.0 

408.8 

565.0 

Methylhexane 

77.85 

121.1 

182.4 

266.6 

379.8 

528.2 

3-Methylheptane 

25.51 

42.10 

66.88 

102.7 

153.0 

221.7 

1-Hexene 

230.0 

339.7 

487.7 

682.7 

934.2 

1252. 

1-Heptene 

71.47 

111.9 

169.5 

249.1 

356.6 

493.4 

1-Octene 

22.76 

37.82 

60.47 

93.40 

139.9 

203.9 

Benzene 

119.4 

182.9 

217.4 

391.6 

551.0 

757.9 

Toluene 

36.67 

59.17 

92.14 

139.0 

203.8 

291.3 

Ethylbenzene 

12.62 

21.49 

35.15 

55.46 

84.74 

125.8 

o-Xylene 

8.858 

15.34 

25.49 

40.80 

63.19 

94.98 

p-Xylene 

11.63 

19.85 

32.54 

51.45 

78.78 

117.2 

Cyclohexane 

121.7 

184.7 

271.8 

389.3 

543.9 

743.4 

Methylcyclo- 

hexane 

58.65 

91.54 

138.3 

202.8 

289.8 

404.4 

Tetrahydrofuran 

201.0 

301.7 

439.5 

623.8 

864.6 

1173. 

Thiophene 

100.5 

155.5 

233.0 

339.4 

481.6 

667  7 

Acetone 

285.3 

424.9 

615.0 

867.8 

1197. 

1617. 

Methyl  Ethyl 

Ketone 

114.3 

177.4 

266.7 

389.4 

554.1 

770.3 

Methyl  Propyl 
Ketone 

45.64 

74.09 

115.9 

175.6 

258.3 

370.1 

Methyl  Butyl 

Ketone 

15.43 

26.47 

43.55 

69.05 

105.9 

157.8 

Acetylacetone 

12.20 

20.85 

34.19 

54.02 

82.59 

122.6 

Methylene 

Chloride 

530.0 

766.8 

1081. 

1487. 

2004. 

2650. 

Chloroform 

238.8 

352.8 

506.7 

709.6 

971.6 

1303. 

1-Chloropentane 

40.00 

64.55 

100.5 

151.4 

221.9 

316.9 

n-Butyronitrile 

26.92 

43.51 

68.19 

103.9 

154.3 

224.0 

n-Valeronitrile 

9.753 

16.82 

27.85 

44.47 

68.75 

103.2 
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Procedures 


Packed  GC  columns  were  prepared  by  deposition  via  rotary  evaporation  of  the 
stationary  phase  from  methylene  chloride  solution  onto  the  solid  support,  here,  60/80- 
mesh  Chromosorb  G  (AW/DMCS-treated).  Packings  were  then  displaced  by  suction  into 
3-  (analytical)  or  6-mm  i.d.  stainless-steel  or  nickel  columns  of  approximately  1-2  m  in 
length,  and  were  conditioned  under  helium  flow  overnight  at  80  *C.  Data  acquisition  and 
reduction  were  then  carried  out  in  the  usual  way  (9,10). 

Solvent  extraction  was  carried  out  by  fractional  solution  with  combinations  of 
isopropyl  alcohol  (IP A)  and  benzene  in  a  water-jacketed  separatory  funnel  at  30^0,  as 
described  by  Laub  (11).  Nine  fractions  were  obtained,  corresponding  to  two  extractions 
each  with  pure  IPA  (lA,  IB),  10%  v/v  benzene  +  IPA  (2A,  2B),  20%  benzene  +  EPA  (3A, 
3B),  30%  benzene  +  IPA  (4A,  4B),  and  40%  benzene  +  IPA  (5A). 

FT-IR  data  reduction  was  as  described  previously  by  Emanuel  and  Dee  (21)  and  by 
Laub  (11).  Gel-permeation  chromatography  was  carried  out  as  described  elsewhere  by 
Laub  (11), 


RESULTS  AND  DISCUSSION 

Phase  L  Task  L  Preliminary  Aasessroent  of  Probe-Scdute  Retentions  with  Lots  of  R-45M 

Prior  to  initiation  of  this  Contract,  virtually  nothing  was  known  about  the  activity 
and  partition  coefficients  of  probe-solutes  with  neat  or  blended-polymer  systems  of 
Defense-related  interest  (for  example,  hydroxy-terminated  polybutadiene,  or  mixtures  of 
this  with  polybutadiene  acrylic  acid;  polyethylene  glycol  *  polyethylene  glycol  adipate; 
etc.).  Furthermore,  yet  to  be  explored  In  any  detail  was  the  variation  of  activity 
coefficients  of  probe-solutes  such  as  alcohols,  ketones,  olefins,  and  aromatic  compounds 
with  various  separate  (polydlsperse)  prepolymers,  let  alone  with  copolymer  systems;  nor 
of  the  influence  of  prepolymer  molecular-weight  distribution  and  functionality. 
Accordingly,  and  because  of  the  attendant  advantages  of  simplicity,  precision,  ease,  and 
accuracy  of  the  inverse  gas-chromatographIc  technique,  the  IGC  method  was  evaluated 
in  preliminary  work  from  the  standpoint  of  its  potential  as  a  supplemental  tool  for  the 
characterization  of  Defense-related  prepolymer  materials.  In  the  course  of  doing  so,  the 
specific  retention  volumes  of  a  bank  of  23  solutes,  comprised  of  normal-  and  branched 
aliphatic,  aromatic,  alicyclic,  heterocyclic,  and  heterofunctional  hydrocarbons,  were 
determined  over  the  temperature-span  3Q-80*C  with  three  batches  of  R-45M  and  two 
lots  of  polybutadienes  (PBD). 

Prdiiniiiary  Evaluatioa  of  the  Inverse  OC  Technique.  Several  aspects  of  the  use  of 
PBD  as  well  as  R~45M  as  GC  solvents  required  preliminary  evaluation,  such  as 
reproducibility  of  the  retentions,  temperature  stability  of  the  stationary  phase,  and  so 
forth.  Each  is  considered  in  turn  in  what  follows  below. 

Reproducibility  of  the  GC  Technique.  Despite  the  very  many  studies  over  the  years 
that  have  confirmed  the  reproducibility  of  the  GC  technique  In  general  (9-11),  an 
Investigation  was  nevertheless  carried  out  of  the  precision  with  which  probe-solute 
specific  retention  volumes  with  R-4SM  could  be  measured  with  the  instrumentation  to 
hand  in  this  Laboratory.  Also,  It  was  not  known  in  advance  whether  this  prepolymer  was 
suitable  fo(‘  use  as  a  stationary  phase,  that  Is,  whether  Its  volatility  was  sufficiently  low 
(ca.  0.01  torr)  at  upwards  of  100*C;  and  whether  the  material  was  stable  at  least  over 
the  duration  of  the  use  of  the  columns  (ca.  3  days  each). 

It  was  found,  first,  that  R-45M  (as  well  as  PBD  of  1000  and  2500  Da;  see  later)  was 
ideally  suited  as  a  stationary  phase  insofar  as  no  column  bleed  was  observed  at  the 
maximum  temperature  (90*C)  of  the  system  thermostat  and  at  maximum  sensitivity  of 
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the  thermal  conductivity  detector.  In  addition,  repeated  cycling  of  the  temperature, 
coupled  with  reinjection  of  several  of  the  solutes,  demonstrated  that  the  properties  of 
the  stationary  packings  remained  invariant  over  the  course  of  indkidual  experiments. 
Accordingly,  the  fully-corrected  speciHc  retention  volumes  V°/cm^  g"^  for  all  probe- 
solutes  (minimum  of  three  replicate  injections  of  each)  werl  determined  with  three 
columns  of  the  same  lit  of  R-45M  at  70-90 ®C  (prepolymer  supplied  by  AL;  60/80-  or 
120/140-mesh  AW/DMCS-treated  Chromosorb  G  support).  The  experimental  data  are 
provided  below  in  Table  5;  where  column  A  corresponds  to  a  9%  w/w  loading  of  liquid 
phase  while  (replicate)  columns  B  and  C  were  comprised  of  ca.  5%  loadings.  The  average 
discrepancy  between  the  columns  of  roughly  equal  stationary-phase  content  was  observed 
to  be  considerably  less  than  1%,  whfle  the  heavier-loaded  column,  A,  showed 
discrepancies  with  B,C  on  average  of  about  1%. 

Lot-to-Lot  Variations  of  R-4SM.  Shown  next  in  Table  6  are  the  averaged  retentions 
of  the  probe-solutes  obtained  with  Lot  A  (Table  5;  5%  loaded  columns),  together  with  the 
speciHc  retention  volumes  yielded  by  two  Lots,  B  and  C,  of  R-45M  supplied  by  United 
Technologies.  Recalling  that  the  level  of  ei^eri  mental  error  is  on  the  order  of  1%,  there 
are  immediately  apparent  several  experimentally-signincant  shifts  in  the  retentions  from 
one  batch  of  this  material  to  another. 

Considering  first  the  n-alkanes,  whose  retentions  are  presumably  a  function  only  of 
the  solvent  molecular  weight,  it  was  found  that  n-octane  was  retained  the  longest  with 
Lot  C  at  70®C  and  exhibited  the  shortest  retention  with  Lot  A.  However,  this  order  was 
exactly  reversed  on  passing  to  80®  and  90®C,  at  which  temperatures  Lot  A  yielded  the 
largest  retention  for  this  hydrocarbon.  The  retentions  for  all  branched  alkanes  except  3- 
methylheptane  fell,  as  above,  to  within  experimental  error.  However,  this  was  not  so  for 
the  latter  solute  which,  as  with  n-octane,  was  retained  longest  by  Lot  C  at  70 ®C.  The 
same  trend  was  observed  upon  consideration  of  the  olefins  and,  in  particular,  1-octene. 

The  retentions  of  the  alicyclic  and  aromatic  hydrocarbons  were  quite  remarkable. 
All  were  retained  to  about  the  same  extent  at  70*C  by  Lots  A  and  B,  yet  eluted  much 
later  from  Lot  C.  However,  the  converse  was  true  at  80®  and  90  ®C:  here,  the  probe- 
solutes  were  retained  longest  by  Lot  A  and  least  by  Lot  B,  with  the  specific  retention 
volumes  observed  for  Lot  C  falling  in  between.  The  behavior  is  reminiscent  of  a  second- 
order  phase  transition,  although  what  form  this  might  take  with  R-45M  (and/or  whether 
it  might  be  an  artifact  of  the  GC  technique)  is  at  present  open  to  question.  The  probe- 
solutes  THF  and  thiophene  were  of  little  help  in  spectating  the  effect,  as  their  retentions 
were  indistinctly  different  from  one  lot  to  another  at  all  three  temperatures. 

The  probe-solute  ketones  were  expected  at  the  outset  to  show  the  greatest 
differences  in  retentions  on  passing  from  one  batdt  of  R-4SM  to  the  next,  since  they  are 
presumably  retained  almost  entirely  as  a  result  of  hydrogen  bonding.  Indeed,  the  specific 
retention  volumes  of  methyl  propyl  ketone  and  methyl  butyl  ketone  were  found  to  be 
nearly  an  order  of  magnitude  larger  than  those  of  the  corresponding  n-alkanes,  l.e.,  n- 
pentane  and  n-hexane;  nor  can  the  differences  be  explained  on  the  basis  of  the  vapor 
pressures  of  these  solutes.  Even  so,  each  ketone  was  retained  by  each  lot  of  R-4SM[  to 
about  the  same  extent  at  a  given  temperature,  which  Indicated  that  a  lower  column 
temperature  was  required  in  order  to  detect  differences  in  hydroxyl  content.  However, 
the  same  was  not  so  for  acetylacetone  (2,4-pentanedlone):  the  retentions  of  this  solute 
were  markedly  greater  with  Lot  A  than  with  B  or  C  at  all  three  temperatures  considered 
in  this  work.  There  was  also  an  inversion  in  the  retention  order  of  acetylacetone  and 
methyl  butyl  ketone  on  passing  from  Lot  A  to  Lot  D  at  70*C. 
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TABLE  5.  Test  of  R^MroduerbTUty  of  the  Inverse  GC  Technique:  FuUy-Correctcd  Specific  Hetention  Volumes  V®/cm^  fc^  the  Indicated  Probe-Solutes 
eC  7Q-$&*C  Obta!n«d  with  Separate  Cedumns  Containing  the  Same  Lot  of  R-45M  ^ 
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Avefige  of  column*  conUinJng  5%  w^w  loadings. 


Graphical  lUustration  of  the  Variation,  of  Retentions  with  Lots  of  R-45M.  Further 
illustration  of  the  variation  of  GC  retentions  with  prepolymer  properties  is  shown  in 
Figure  1,  which  provides -the  absolute  specific  retention  volumes  V°/cm^  g"^  (80*C) 
observed  with  stationary  phases  comprised  of  polybutadienes  (PBD)  ®of  1000  and  2500 
Da;  with  repeat  runs  of  R^5M  obtained  from  AL  (Lot  A);  and  with  two  of  the  lots  of  R- 
45M  received  from  United  Technologies  (Lots  B  and  C,  respectively).  The  error  bars 
'  represent  ±  1%  on  the  absolute  data. 

First,  the  precision  of  the  data  obtained  by  IGC  is  illustrated  by  the  repeat  runs  of 
AL  Lot  A.  The  results  show  that  the  reproducibility  of  the  absolute  retentions  was  ca.  i 
0.5%,  which  is  confimensurate  with  what  can  routinely  be  achieved  with  the  method. 

Secondly,  the  retention  of  n-octane  decreased  quite  substantially  on  passing  (left  to 
right)  from  lOOOM  to  2500M  PBD.  This  is  as  expected,  since  retentions  are  inversely 
proportional  to  the  stationary-phase  molecular  weight  in  the  absence  of  specific 
energetic  interactions.  As  a  result,  n-octane  eluted  after  methyl  butyl  ketone  (MBK)  and 
acetylacetone  (AeAe)  with  lOOOM  PBD,  but  before  these  two  ketones  with  2500M  PBD, 
i.e.,  there  was  a  reversal  in  the  retention  order.  The  dramatic  decrease  in  the  retention 
of  n-octane  with  AL  Lot  A  was  also  as  expected,  since  the  GPC  peak-maximum 
molecular  weight  of  the  latter  material  is  6800  Da. 

Proceeding  next  from  Lot  A  to  Lot  B  of  R-45M,  the  retention  of  n-octane  increased 
slightly  which  indicated  that  the  latter  was  of  slightly  lower  molecular  wf-'jht  than  the 
former.  Similarly,  the  retention  increased  again  on  passing  from  Lot  B  to  Lot  C. 

The  retentions  of  each  of  the  ketones  Increased  on  passing  from  PBD  to  R-45M, 
which  was  thought  initially  to  be  a  reflection  of  hydrogen-bonding  interactions.  Further, 
these  appeared  to  outweigh  the  effect  due  to  the  decrease  in  the  molecular  weight  of  the 
stationary  phasf^,  which  would  otherwise  cause  their  retentions  to  decrease.  Also,  the 
retention  of  MBK  was  about  the  same  with  R-45M  Lots  A  and  B,  that  is,  the  hydroxyl 
content  of  eadi  prepolymer  appeared  to  be  Identical.  However,  there  was  a  slight 
increase  in  the  retention  of  this  probe-solute  vfith  Lot  C,  which  was  taken  as  indicative 
of  a  slightly  higher  OH  content  of  the  latter. 

The  ratention  of  AcAc  decreased  sharply  on  passing  from  R-45M  Lot  A  to  Lot  B  and, 
in  fact,  tnis  solute  eluted  before  MBK  with  the  latter  prepolymer.  This  seemed  to 
suggest  that  while  the  hydroxyl  content  of  Lots  A  and  B  were  virtually  identical,  there 
were  more  adjacent  hydroxyls  (implying  In  turn  a  less-random  distribution)  in  the  former 
materia!  ince,  otherwise,  the  specific  retention  volumes  of  the  solutes  would  be  expec¬ 
ted  to  have  been  approximately  identical.  On  the  other  hand,  tiro  ketone  solutes  coeluted 
with  Lot  C,  which  indicated  a  random  spacing  of  the  hydroxyls  with  this  prepolymer. 

In  contrast,  the  retentions  of  the  aromatic  Hydrocarbons  (not  shown)  were  found  to 
be  roughly  equal  for  the  two  lots  of  PBD,  yet  decreased  on  passing  to  R-45M,  THF  and 
the  ketones  also  exhibited  near-identical  retentions  with  PBD,  but  each  showed  an 
increase  with  R-45M,  indicative  of  the  hydroxyl  content  of  the  latter.  Thiophene,  on  the 
other  hand,  exhibited  the  opposite  trend,  that  is,  a  decrease  in  V®  with  hydroxy- 
terminated  polybutadiene.  ® 

Inverse  Capillary-Column  Gas  Chromatography  of  Bulk  and  Fractionated  U-4,5M, 
Also  evaluated  in  the  preliminary  portion  of  the  work  were  glass-capiUary  columns  with 
II-45M.  Table  7  summarizes  the  solute  retention  indices  I  obtained  for  all  columns 
eontatnifig  stationary  phases  of  bulk  lot  A  of  R-45M,  from  which  several  fractions  were 
derived  (see  later),  as  well  as  two  of  those  fractions,  2A  (low  molecular  weight)  and  9A 
(high  molecular  weignt),  at  42®  and  52®C.  Also  shown  for  comparison  are  the  data 
obtained  for  a  separate  batch  of  bulk  H  45M  prepolymer,  lot  B,  which  was  chosen  at 
random  from  those  available  in  this  Laboratory. 
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lOQOM  250OM  UOT  A  LOT  A  LOT  B  LOT  C 


PBO 


R-45IV1 


FIGOKB  1.  Plots  of  probe-soluto  specific  retention  volumes  V^/cm^  g“^  obtained  with 
various  lots  of  polybutadienes  (PQD)  and  hydroxy-terminated  polybutadienes  (R-4SM). 
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It  was  found,  first,  that  fraction  2A  formed  droplets  immediately  upon  being  coated 
onto  surfaces  that  had  been  treated/deactivated  in  the  usual  way  with  hexamethyldisila- 
zane  (HMDS),  despite  taking  great  care  with  the  temperature  control  (droplet  formation 
can  be  caused  among  other  things  by  ballistic  changes  in  the  column  temperature).  We 
therefore  changed  to  Carbowax  deactivation  of  the  column  walls  in  the  hope  that  sur¬ 
faces  treated  with  this  material  would  be  wetted  more  readily  by  R-45M.  However,  this 
alternative  was  only  partially  successful:  column  temperatures  of  in  excess  of  75*C  still 
resulted  in  droplet  formation  with  fraction  2A  (although  not  with  9A  nor  with  bulk  R-45M 
prepolymers).  Therefore,  pending  development  of  a  better  column  deactivation  reagent, 
all  probe-solute  retentions  were  measured  with  freshly-prepared  Carbowax-deaetivated 
columns  at  temperatures  not  exceeding  SS**C. 

The  retentions  with  fractionated  R-45M  exhibited  quite  remarkable  shifts,  not  only 
from  one  phase  to  another,  but  from  one  temperature  to  another  as  well.  For  example, 
the  elution  order  of  benzene  and  n-propanol  with  fraction  2A  was  reversed  on  passing 
from  42^  to  52^0.  The  same  was  also  true  for  toluene  and  n-butanol.  In  addition,  the 
alcohols  were  retained  considerably  longer  with  fraction  2A  than  with  9A,  which  may  be 
a  consequence  of  the  higher  equivalent  weight  of  hydroxyl  in  the  former  prepolymer 
material  (however,  see  later). 

Comparison  of  the  retention  indices  with  bulk  prepolymers  A  and  B  showed  that 
cyclohexane  and  n-propanol  overlapped  completely  with  both  at  42*C,  but  were  well 
resolved  with  each  solvent  at  S2*C.  Also,  the  retention  indices  of  cyclohexane  were 
nearly  temperature-invariant  whereas,  in  marked  contrast,  those  for  n-propanol  were 
684.2  and  681.9  with  lots  A  and  B  respectively  at  42 ^C,  but  which  then  decreased  to 
674.8  and  670.4  on  passing  to  S2*C.  These  data  are  most  likely  a  reflection  of  the 
hydrogen  bonding  e:rtant  between  the  latter  solute  and  each  of  the  bulk  prepolymer 
stationary  phases,  where  the  equilibrium  constants  for  the  respective  interactions  (hence 
the  solute  retentions)  decrease  with  increasing  temperature.  On  the  other  hand, 
athermal  dispersive  forces  largely  govern  the  retentions  of  the  alicyclic  hydrocarbon  and 
so,  its  retention  indices  remained  approximately  constant  over  the  temperature  range 
considered. 

In  any  event,  these  preliminary  results  indicated  that  inverse  capillary-column  GO 
held  some  promise  as  a  prepolymer  characterization  technique:  the  solute  retentions 
were  obviously  extremely  sensitive  to  dianges  in  the  stationary  phase,  including 
functionality  and,  presumably,  molecular  weight  and  branching  as  weU.  The  Information 
content  of  the  probe-solute  retentions  was,  potentially,  therefore  quite  substantial. 

Summary  of  Preliminary  Findings.  Overall,  the  preliminary  findings  indicated  that 
the  inverse  GC  technique,  coupled  with  appropriate  probe-solutes,  held  considerable 
promise  for  the  characterization  of  R-45M:  .one  need  simply  make  a  GC  column  of  the 
material,  and  then  derive  the  information  desired  directly  from  the  retentions  of  probe- 
solutes.  That  is,  there  was  the  likely  possibility  that  nomographs  could  be  derived  with 
which  molecular  weight,  functionality,  and  chain-branching  could  be  determined  simply 
by  injecting  a  bank  of  appropriate  probe-solutes  onto  a  column  that  was  thermostated  at 
a  specified  temperature  and  that  contained  the  prepolymer  as  a  stationary  phase. 
Further,  such  a  set  of  nomographs  could  in  principle  be  based  solely  upon  solute  capacity 
factors,  which  in  turn  could  be  calculated  directly  from  strip-chart  recordings.  In 
addition,  the  technique  would  be  applicable  to  any  prepolymer  system  so  long  as  the 
latter  could  be  used  as  a  stationary  phase.  However,  in  order  to  derive  information  of 
this  type,  it  would  first  be  necessary  to  correlate  quantitatively  the  solute  retentions 
with  the  properties  of  interest.  For  example,  in  order  to  delineate  the  effects  of 
molecular  weight,  closely-fractionated  and  well-characterized  prepolymer  would  be 
required,  followed  by  the  determination  at  high  levels  of  precision  and  accuracy  of  the 
absolute  retentions  of  what  were  thought  to  be  appropriate  probe-solutes,  A  nomograph 
of  molecular  weight  as  a  function  of  retentions  cocdd  then  be  defined. 
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An  indication  of  the  likely  success  of  such  a  treatment  obtained  in  this  portion  of  the 
work  is  shown  in  Table  8,  where  the  data  have  been  cast  in  the  form  of  a  comparison  of 
the  specific  retention  volumes  of  the  bank  of  probe-solutes  with  IQOOM  and  2500M  PBD 
together  with  those  of  Table  6,  viz.,  R-45M.  The  trends  provided  strong  indication  at 
this  point  that  it  did  indeed  appear  to  be  possible  to  speciate  at  least  molecular  weight 
and  hydroxyl  content  with  suitable  probe-solutes  and,  with  further  exploratory  work, 
perhaps  chain  branching  as  well. 

^Kicifie  Retention  Voluma  and  Retention  Indices  with  Standard  Lots  of  R-45M 

The  specific  retention  volumes;  the  van't  Koff  slopes  m,  intercepts  -b,  and  Unear 
least-squares  correlation  coefficients  r  for  the  regression  of  In  V°  against  10'*  T"^/K"^ 
(taken  over  the  temperature  range  30-80®C);  and  the  retention  mdices  I  of  30  probe- 
solutes,  including  normal,  branched,  alicyclic,  olefinic,  aromatic,  heterocyclic,  hetero¬ 
functional,  and  haloalkanes,  including  ketones,  a  diketone,  and  two  nitriles,  all  with  the 
standard  lots  of  R-4SM  listed  in  Table  1,  are  presented  below  in  Tables  9-14.  The  solute  I 
vary  substantially  less  than  the  absolute  retentions  as  a  function  of  T  and  so,  are 
provided  only  at  every  other  temperature  used  in  the  work. 

Precision  of  tiie  Temperature  Regresaons.  The  van't  Hoff  plots  should  be  linear  over 
the  SO*  temperature-span  used  here,  ance  it  could  hardly  be  expected  that  the  solute 
heats  of  solution,  i.e.,  the  slopes  of  the  plots,  would  be  temperature-dependent  over  such 
a  narrow  range.  Thus,  the  least-squares  correlation  coefficients  r  offer  a  measure  of  the 
precision  of  the  GC  data,  values  less  than  0.999  representing  significant  deviations. 

It  was  found  that,  in  fact,  the  correlation  coefficients  were  greater  than  0.9995  in 
nearly  all  instances,  and,  in  most,  were  substantially  better  than  this.  Even  so, 
correlation  coefficients  of  as  low  as  0.99  were  obtained  in  a  few  cases.  There  were 
subsequently  found  to  be  two  sources  of  imprecision,  viz.,  solute  volatility  (i.e.,  very 
short  retention  times),  and  gas-liquid  interfacial  adsorption  (leading  amongst  other  things 
to  peak-tailing  and  irreproducibility  of  retentions).  For  example,  n-pentane  with  Poly  bd 
X-IOLM  had  a  correlation  coefficient  of  only  0.999,  a  consequence  of  the  short  retention 
times  of  this  compound  with  this  stationary  phase.  As  the  retentions  lengthened, 
however,  r  improved,  passing  from  0.9992  for  n-hexane  to  0.9994  for  n-octane.  In  other 
cases,  e.g.,  methyl  butyl  ketone  with  X-120HM,  r  was  only  0.994.  This  was  a  result  of 
gas-liquid  interfacial  adsorption  and  asymmetric  peak  shapes  (i.e.,  a  nonlinear  sorption 
isotherm),  for  which  retention  times  will  vary  somewhat  depending  upon  the  amount  of 
solute  injected.  The  effect  was  readily  apparent  with  the  relatively  insensitive  thermal 
conductivity  detectors  employed  in  this  work,  where  the  injection  of  a  few  tenths  of  a 
microliter  of  vapor  was  required  in  order  to  obtain  a  measurable  peak  maximum.  (An 
FID,  which  Is  several  orders  of  magnitude  more  sensitive  than  a  TCD,  would  of  course 
help  to  overcome  this  problem.)  Even  so,  the  smoothed  data  are  expected  to  be  quite 
close  to  the  values  that  would  be  obtained  were  Henry's  law  to  be  obeyed. 

Reproducibility  of  the  Absolute  Retentions.  Tables  11  and  12  provide  the  retentions 
obtained  with  repUcate  columns  containing  X-20LM  stationary  phase.  The  reproduci¬ 
bility  of  the  absolute  values  is  excellent  for  the  hydrocarbon  solutes,  the  agreement 
falling  everywhere  to  within  ±  1.5%.  However,  the  haloalkanes,  ketones,  and  nitriles 
deviate  somewhat  from  this.  For  example,  butyronitrile  gives  a  specific  retention 
volume  at  30*C  of  657.7  with  the  first  run,  yet  a  value  of  632.7  for  the  second  run.  This 
is  another  consequence  of  the  interfacial  effects  mentioned  above,  and  serves  to 
emphasize  once  again  that  the  absolute  minimum  detectable  amounts  of  solutes  of  these 
types  must  be  injected  in  order  to  obtain  reproducible  retentions. 
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TABLE  13.  SpecJffc  Retention  Volumes  v2/cm*  g“'j  van't  Hoff  Slopes  m.  Intercepts  b,  and  Least-Squares  Regression  Correlation  Coefficients  n  and 
Retention  Indices  I  for  Listed  Probe  Solutes  «  Indicated  Temperatures  with  Poly  bd  X-2SLM  R-45M 
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TABLE  14.  Specific  Retention  Volumes  v2/em®  g"';  van*t  Hoff  Slopes  m.  Intercepts  b,  and  Least-Squares  Regression  Correlation  Coefficients  and 
Retenticn  Indices  I  for  Listed  Probe  Salutes  at  Indicated  Temperatures  with  Poly  bd  X-120HM  R-45M 


e  o  e 

•  ••••  ^  4 

oooo-«f«  e4teiHC4ei>u9O<0tfo^ 
eeoook  QOOQooo«>4ec>)^MW^o» 
iA<ot««pu3  <p  «  »•  <0  b*  CO  t*  a»  a>  o»  o»  <D 


O  OO  O  Cd 

4  4*44 

e  ee  o  to 
o  o  e  o  CD 
U3  tec*  00  lA 


ooe*«)occb9c^(e<eb;C94A 

c*C*c*eooc4ea^tnfc  oo 

<etot*tec*QOb*coe»e>oD<o 


ooeoe*  00  o  ^  o  00  ^  m  e  lA  to 


e  ee  e  c* 
o  eo  o  c* 

in  to  c*  CD  lA 


t*  <e^  <n  «A 
o»  ^  ^  ^  ^ 
C3  tA  te  C«  Cl 
A  d  9  Cl  Cl 
A  A  A  A  A 


AOlAAAAe^iAAAe 

Ae*AOAA*H^AAWA 

AAb»AAC*C*AAAAA 


A^Af-lA^IAA«C*AA 
lAIA  (AC-  C-C*  AA  AA  AA 
AAA^AAAAAA  AA 
AA  AA  AA  AA  AA  AA 
AA  AA  AA  AA  AA  AA 

d  A  ec{  do  dd  dd  dd 


oeeoo  eoeeooo 


A  ^  A  d 
M  A  A  A  A 
A  A  O  C-  A 


OA  Oe  AO  OA  AA 

#H^OAAA  AA  t*A  ^O 
^A^A  OA  AO  AA  Ai*l 


AC*C0A  A  AAt*b-t*€*A0»C»C»  C*C- 


>  O 
A 


A  A  A  A  A 
A  A  A  e  A 
^  A  A  A  A 
A  A  ^  d  A 


AAA  O 
A  A  A  A  A 
d  d  (A  A  d 
A  A  A  A  A 


AAA  O 
O  A  A  A  A 

4*4*4 

^  A  A  A  ^ 
#i*  A  A  A  A 


A  A 

A  «  A  ^  O 
A  d  d  A  A 
A  ’C  4-«  A  ^ 
^  A 


A  A  A 

A  A  A  A 

d  (Tl  A  A  A 

A  A  A  A  A 


A  A  <-(  A  A 
A  d  A  A  A 
A  A  A  A  A 
A  A 


A  O  A  A  A 
t#  ^  A  A  O 


^AA^CAA  AO  AA  AA 

SA  AA  AA  AA  OOO 

A  AA  AA  AA  AA  AA 

AAdAAddddd  dd 


^  <e  A  o  A  ^ 

AO  AA  AA  AO  A^  AA 

A*H  cid  dd  Ad  A'd  Ab* 

^AOAAA  AA  A*x  OA 

Pi4  AA  ^ 


A  O  A  A  ^ 

^A  AA  AA  AA  Ap4  VA 

a*  a*  44  4*  44  *■ 

AAAAAAAA  aHA  AA 
AAAAAAOA^AOA 
vilA  AA  A 


^  A  A 

AAOAAA^AA  O 

dcoAdddAAdm  dd 


lAAOOAAAAAd  AAA 

I  A^  A  A  40*A  ^A  AO  AAA 

Cl  vatA  ^A  A«-4  A«M 


aHaC  A  A  A  A  AA  ,  ,  ,  00 

dOAAdAAA^A  AA 
nriAAA^OAAD 
pN^A  *4^AAAA«0<»4 


AAOAAO^A  O 

**444444**** 

AAAAAvMAAAAAA 
AA  a-4AAA  OA  AA  OaM 
p4*4A  aaaaaaaa 
•ii»A  A 


A  ^  A  A  ^ 


A  00  A  A 

A 

A 

A  e 

A  A  A  A  A 

A  d  <0  A 

A 

A 

e  A 

A  A  A  A  A 

4«<  A  A 

A 

A 

^  A 

€3  O  A 

A  A  A  A 

A 

A 

A  A 

A  A  A  A  A 

O  A  A  A 

A 

A 

A  O 

A  A  A  pH  ^ 

d  d  d  d 

A 

00 

A  e 

A  ^  A  iH  O 

^  e  ^  A 

A 

^  A 

A  A  A  ^  ^ 

A  A  A  A 

A 

A 

A  A 

A  A  A  A  A 

A  A  A  A 

A 

V 

A  A 

pH  A  A  A  A 

iC  (C  d  A 

A 

d 

A  rM 

A  A  A  A  A 

A  A  A  A 

A 

V 

A  ^ 

A  A  A  A  A 

b*  to  r*  A 

A 

A 

A  A 

A  A  A  A  A 

00  A  A  A 

A 

A 

A  A 

A  A  A  A  A 

A  A  A  A 

A 

A 

O  A 

A  A  A  A  A 

A 

A 

^  A 

A  A  A  A  A 

A 

A 

A  A 

A  A  A  A  A 

A  A  A  A 

A 

A 

A  A 

A  A  A  A  A 

dd  d  d 

d 

d 

dd 

cse  o  o  e 

A  A  A  O 

A 

A 

A 

A  A  ^  b4  A 

«  A  A  ^ 

e 

A 

^  A 

A  pH  A  A  M 

«  A  ^  A 

A 

A 

PH  A 

A  A  Cl  tn  A 

AA  d  A 

A 

A 

d  A 

too  e* c^  00 

A^  A  A 

A 

^  o 

A  A  ^  C-  A 

A  A  A  A 

t* 

A  A 

A  C*  A  A  t* 

A 

A 

A  A 

A  A  C4  O  C* 

a  4  a  a 
d  A  A  A 

A 

d 

(iTd 

A  A  HC  ^  HC 

^  A  A  A 

A 

AA  t* 

A  O  A  A 

O 

*-4 

pH  A 

4#  A  O  A  A 

a  4  a  a 

A  d  fH  A 

A 

A 

A  A 

A  t*  A  pH  Cl 

A  A  A 

<0* 

A 

A  O 

Cl  A  Cl  A  A 

pH  A 

M  «■( 

A  A 

A  A 

O  A  A  A 

A 

O 

A  A 

A  A  HC  p4  A 

A  A  A  A 

Cl 

A 

A  A 

#  A  A  A  pH 

^  A  A  A 

A 

A 

«  t*  ^  t* 

A 

A  A 

pH  pH  N 

A 

A 

A 

A  A  A  A 

O 

«r 

A  A 

At*  A  A  «*( 

a  *  a  * 
A  A  A  A 

A 

A 

^■o 

A  pH  O  A  ei 

A  A  A  n 

A 

A 

**«  A 

^pH  A  A  pH 

^  Viri  P4 

*4 

pH  Cl  pH  HT 

W 

A 

A  A  A 

A 

^  A 

pH  d  HI*  HC  HI* 

et  in  <«•  oS 

A 

A 

A  A 

HP  O  A  A  CM 

^  A  A 

pH 

A 

A  O 

A  A  A  'C*  HP 

Ai-«  A 

«■< 

A 

A  A 

PH  A  d  A 

A 

A 

A  A  A  A 

A 

fH 

Hp  A  -H  O 

(D  A  A  A 

d 

d 

d  A 

oi  >«1  n  0)  d 

A  A  A  A 

A 

f* 

A  pH 

A  A  A  t*  A 

AAA 

A 

«# 

d  A  A  O 

pH  pH 

«H 

AAA'# 

A 

o 

A  A  A  A 

d  A  d  d 

d 

A 

A  A 

d  A  pH  d  d 

A  A  A  O 

A 

Nt*  A 

d  A  A  A  O 

A  A  A 

A 

A 

Q  A 

vH  A  A  A  d 

ApH 

pH 

*>  S 

1 1 

)£  £  «) 


-*  % 

S'  S* 

4-  9 


4) 

iM  C 

S'  2  , 

a  o  I 
n  u  » 

B  js  J 
»»  ; 

£  V  V  4 

0)  ^  u  ' 

a  <: 


a 

la-S! 

i4  d  c 


V 

Jjffi  > 


24 


Reproducibility  of  the  Retention  Indices.  The  replicate  solute  I  in  Tables  10  and  11 
were  found  to  be  much  more  reproducible  than  were  the  absolute  retentions,  deviating  by 
at  most  2  or  3  retention-index  units.  This  is  as  expected,  since  the  indices  are,  in  reality, 
retentions  that  are  taken  relative  to  those  of  n-alkanes.  Thus,  whatever  instrumental  or 
system  variations  there  are  will  be  smoothed.  Data  reduction  in  terms  of  retention 
indices  also  has  the  advantage  of  requiring  only  raw  retention  times,  as  opposed  to 
specific  retention  volumes,  for  which  the  column-volume  of  stationary  phase  must  be 
known.  That  is,  retention  indices  can  be  calculated  from  data  taken  directly  from  strip- 
chart  recordings  and  so,  enable  virtually  any  system  to  be  employed  for  inverse  GC, 
including  those  that  make  use  of  capillary  columns.  However,  there  is  the  drawback  that 
information  that  might  otherwise  be  derived  from  absolute  retentions  is  thereby  lost. 
The  question  therefore  remained  at  this  point  whether  the  information  content  of 
retention-index  data  was  sufficient  to  permit  extraction  of  the  desired  physicochemical 
properties  of  prepolyiners,  or  whether,  in  fact,  absolute  retentions  were  indeed  required. 

Variatioa  of  the  Absolute  Retentions  with  Prepolymer  Lot.  Figure  2  presents 
the  for  several  representative  solutes  as  a  function  of  the  batch  of  R-45M,  where 
strai^t  lines  have  been  used  to  connect  the  data  points.  There  are  clearly  quite  striking 
changes  on  passing  from  one  prepolymer  to  the  next.  For  example,  thiophene  (Th)  is 
retained  longer  than  methylcyclohexane  (MC)  with  X-14LM,  but  there  is  an  inversion  in 
the  retention  order  of  this  solute  pair  on  passing  to  X-20LM.  Also,  while  the  retentions 
of  all  other  solutes  rise  on  passing  between  X-14LM  and  X-20LM  (the  increase  for  those 
of  MC  being  particularly  sharp),  those  of  butyronitrile  remain  nearly  constant. 

Variatioa  of  the  Relative  RetenUoos  with  Prepolyroer  Lot.  The  retention  indices  of 
the  solutes  of  Figure  2  are  presented  in  Figure  3.  A  striking  difference  between  the  two 
illustrations  is  that  the  retention  indices  of  methylcyclohexane  are  nearly  solvent- 
independent.  Also,  those  for  thiophene  are  at  times  less  than  those  for  methylcyclo¬ 
hexane,  yet  increase  beyond  methylcyclohexane  with  other  stationary  phases.  Perhaps 
the  most  dramatic  change  of  all,  however,  is  the  behavior  of  3-methylheptane  relative  to 
butyronitrile:  the  retention  indices  of  the  former  solute  tend  to  increase  from  X-14LM  to 
X-120HM,  whereas  those  for  the  latter  compound  drop  very  sharply  across  the  same 
stationary-phase  range.  The  information  content  of  the  retention-index  data  thus 
appeared  at  this  point  to  be  quite  high. 

Activity  Coefficients 

The  fully-corrected  probe-solute  activity  coefficients,  calculated  as  described 
elsewhere  (9),  are  provided  below  in  Tables  15-20. 

Thermodynamic  Parameters 

The  Qibbs  free  energies,  entropies,  and  enthalpies  were  calculated  from  the  solute 
specific  retention  volumes  and  stationary-phase  densities  as  described  elsewhere  (21). 
The  results  are  reported  in  Tables  21-33. 

Fractloaal  Extraetloa 

The  amounts  extracted  for  X-2SLM  as  described  in  the  Experimental  Section  are 
shown  in  Figure  4.  The  quantities  corresponded  roughly  to  what  was  found  previously 
with  extraction-solvent  step-changes  of  S%  (10%  step-changes  were  employed  in  this 
work).  The  first  fraction,  no.  lA,  was  by  far  the  largest,  amounting  to  close  to  one- 
fourth  of  the  total  quantity  of  polymer.  Moreover,  thereafter,  the  amounts  obtained 
with  each  combination  of  solvents  were  about  equal,  viz.,  2A  and  2B;  3A  and  3B,  etc. 
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lOLM  I4LM  20LM  25LM  120HM 

R-45M 


flCSHHB  1.  Plots  of  specific  retention  volume  y®  data  at  S0*C  obtained  with  indicated 
lots  of  R-45M.  Solutes:  B,  benzene;  MC,  metnylcyclohexane;  BN,  butyronitrile;  Th* 
thiophene;  MPK,  methyl  propyl  ketone;  3MH,  3-methyUieptane. 


26 


3MH 


TABLE  15.  Infinite-Dflution  Activity  Coefficients  Listed  Probe  Solutes  at 

Indicated  Temperatures  with  Poly  bd  X-IOLM  R-45M 


n-Pentane 

n-Hexane 

n-Heptane 

n-Octane 

3-Methylpentane 

2,3-Dimethyl- 

pentane 

3-Methylhexane 

3-Methylheptane 

1-Hexene 

1-Heptene 

1-Octene 

Benzene 

Toluene 

Ethylbenzene 

o-Xylene 

p-Xylene 

Cyclohexane 

Methylcyclo- 

hexane 

Tetrahydrofuran 

Thiophene 

Acetone 
Methyl  Ethyl 
Ketone 
Methyl  Propyl 
Ketone 
Methyl  Butyl 
Ketone 

Acetylacetone 

Methylene 

Chloride 

Chloroform 

1-Chloropentane 

n-Butyronitrile 

n-Valeronitrlle 


30‘’C 

40‘*C 

50*C 

OO^C 

70*C 

80“C 

0.588 

0.566 

0.548 

0.535 

0.525 

0,518 

0.653 

0.627 

0.607 

0.592 

0.581 

0.574 

0,723 

0.690 

0.665 

0.646 

0.633 

0.623 

0.804 

0.762 

0.731 

0.708 

0.692 

0.681 

0.641 

0.612 

0.590 

0.573 

0.560 

0.550 

0.670 

0.642. 

0.621 

0.606 

0.595 

0.587 

0.713 

0.681 

0.657 

0.638 

0.625 

0.616 

0.786 

0.748 

0.719 

0.699 

0.684 

0.675 

0.533 

0.518 

0.507 

0.500 

0.495 

0.493 

0.588 

0.566 

0.549 

0.538 

0.530 

0.525 

0.651 

0.624 

0.604 

0.590 

0.581 

0.575 

0.293 

0.285 

0.279 

0.276 

0.274 

0.273 

0.319 

0.310 

0.304 

0.301 

0.299 

0.299 

0.384 

0.367 

0.356 

0.347 

0.342 

0.338 

0.369 

0.352 

0.340 

0.331 

0.325 

0.322 

0.365 

0.351 

0.341 

0.334 

0.330 

0.327 

0.432 

0.415 

0.401 

0.391 

0.383 

0.378 

0.500 

0.480 

0.464 

0.452 

0.443 

0.437 

0.175 

0.174 

0.174 

0.175 

0.177 

0.180 

0.280 

0.271 

0.265 

0.260 

0.257 

0.255 

0.501 

0.474 

0.452 

0.434 

0.419 

0.407 

0.467 

0.441 

0.420 

0.404 

0.391 

0.382 

0.446 

0.445 

0.448 

0.453 

0.460 

0.470 

0.489 

0.465 

0.447 

0.433 

0.424 

0.417 

0.635 

0.596 

0.567 

0.544 

0,527 

0.514 

0.226 

0.220 

0.216 

0.213 

0,211 

0.209 

0.181 

0.184 

0488 

0.192 

0.197 

0.202 

0.417 

0.405 

0.397 

0.391 

0.387 

0.385 

0.858 

0.818 

0.783 

0.753 

0.725 

0,701 

0.834 

0.789 

0.754 

0.727 

0.706 

0.690 
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TABLE  16.  Infinite-Dttution  Activity  Coefficients  for  Lister^  Probe  Solutes  at 
Indicated  Temperatures  with  Poly  bd  X-14LM  R-45M 


30®C 

40®C 

50*C 

60*C 

70*0 

SO^C 

n-Pentane 

0.461 

0.443 

0.429 

0.418 

0.410 

0.404 

n-Hexane 

0.503 

0.485 

0.472 

0.463 

0.457 

0.453 

n-Heptane 

0.555 

0.529 

0.510 

0.495 

0.485 

0.478 

n-Octane 

0.609 

0.577 

0.553 

0.536 

0.524 

0.516 

3-Methylpentane 

0.499 

0.478 

0.461 

0.448 

0.439 

0.432 

2,3-Dimethyl- 

pentane 

0.533 

0.510 

0.491 

0.477 

0.467 

0.460 

3-Methylhexane 

0.554 

0.530 

0.511 

0.497 

0.487 

0.480 

3-Methylheptane 

0.605 

0.576 

0.555 

0.539 

0.528 

0.521 

1-Hexene 

0.406 

0.394 

0.384 

0.378 

0.374 

0.372 

1-Heptene 

0.451 

0.434 

0.422 

0.413 

0.407 

0.404 

1-Octene 

0.495 

0.475 

0.460 

0.450 

0.443 

0.439 

Benzene 

0.230 

0.222 

0,217 

0.213 

0.210 

0.209 

Toluene 

0.243 

0.237 

0.233 

0.231 

0.230 

0.230 

Ethylbenzene 

0.295 

0.282 

0.273 

0.266 

0.261 

0.259 

o-Xylene 

0.280 

0.268 

0.259 

0.253 

0.248 

0.246 

P“Xylene 

0.279 

0.268 

0.260 

0.255 

0.251 

0.250 

Cyclohexane 

0.334 

0.320 

0.310 

0.302 

0.296 

0.292 

Methylcyclo- 

hexane 

0.383 

0.368 

0.356 

0.347 

0.341 

0.337 

Tetrahydrofuran 

0.139 

0.139 

0.140 

0.141 

0.143 

0.145 

Thiophene 

0.217 

0.210 

0.205 

0.202 

0.199 

0.198 

Acetone 

0.430 

0.380 

0.363 

0.349 

0.339 

0.330 

Methyl  Ethyl 

Ketone 

0.364 

0.348 

0.336 

0.327 

0.320 

0.315 

Methyl  Propyl 
Ketone 

0.367 

0.351 

0.340 

0.332 

0.327 

0.324 

Methyl  Butyl 

Ketone 

0.382 

0.364 

0.351 

0.341 

0.335 

0.330 

Aoetylacetone 

0.500 

0.469 

0.445 

0.427 

0.413 

0.402 

Methylene 

Chloride 

0.178 

0.173 

0.168 

0.166 

0.164 

0.162 

Chloroform 

0.143 

0.145 

0.147 

0.150 

0.153 

0.157 

1-Chloropentane 

0.323 

0.314 

0.308 

0.303 

0.301 

0.300 

n-Butyronitrile 

0.702 

0.649 

0.621 

0.596 

0.574 

0.554 

n-Valeronitrile 

0.666 

0.625 

0.593 

0.568 

0.548 

0.533 
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TABLE  17.  Infinite-Dflution  Activity  Coefficients  for  Listed  Probe  Solutes  at 
Indicated  Temperatures  with  Poly  bd  X-20LM  R-45M 


yr 


30*C 

40*C 

50*C 

60®C 

70"C 

80®C 

n-Pentane 

0.426 

0.413 

0.402 

0.395 

0.389 

0.385 

n-Hexane 

0.470 

0.454 

0.442 

0.433 

0.427 

0.424 

n-Heptane 

0.518 

0.499 

0.486 

0.475 

0.469 

0.466 

n-Octane 

0.569 

0.546 

0.529 

0.518 

0.512 

0.508 

3-Methylpentane 

0.467 

0.450 

0.438 

0.429 

0.422 

0.418 

2,3-Dimethyl- 

pentane 

0.495 

0.478 

0.465 

0.455 

0.449 

0.445 

3-Methylhexane 

0.515 

0.497 

0.483 

0.474 

0.467 

0.464 

3-Methylheptane 

0.566 

0.544 

0.528 

0.518 

0.511 

0.508 

1-Hexene 

0.385 

0.374 

0.367 

0,362 

0.359 

0.358 

1-Heptene 

0.425 

0.413 

0.404 

0.398 

0.395 

0.394 

1-Octene 

0.468 

0.452 

0.442 

0.435 

0.432 

0.431 

Benzene 

0.224 

0.218 

0.213 

0.210 

0.208 

0.207 

Toluene 

0.240 

0.235 

0.231 

0.228 

0.228 

0.228 

Ethylbenzene 

0.287 

0.276 

0.269 

0.263 

0.260 

0.259 

o-Xylene 

0.270 

0.261 

0.254 

0.250 

0.248 

0.247 

p-Xylene 

0.268 

0.261 

0.255 

0.252 

0.251 

0.251 

Cyclohexane 

0,312 

0.301 

0.294 

0.288 

0.285 

0.283 

Methylcyclo- 

hexane 

0.358 

0,347 

0.339 

0.333 

0.330 

0.328 

Tetrahydrofuran 

0.136 

0.136 

0.137 

0.138 

0.140 

0.142 

Thiophene 

0,217 

0.210 

0.204 

0.200 

0.197 

0.195 

Acetone 

0.402 

0.376 

0.356 

0.339 

0.325 

0.314 

Methyl  Ethyl 

Ketone 

0.366 

0.349 

0.336 

0.326 

0.318 

0.312 

Methyl  Propyl 
Ketone 

0.368 

0.353 

0.342 

0.334 

0.328 

0.325 

Methyl  Butyl 

Ketone 

0.383 

0.365 

0.353 

0.344 

0.337 

0,333 

Aoetylacetone 

0.514 

0.481 

0.456 

0.437 

0.423 

.  0.412 

Methylene 

Chloride 

0.179 

0.174 

0.170 

0.167 

0.165 

0.163 

Chloroform 

0.145 

0.146 

0.148 

0.151 

0.154 

0.157 

l-Chloropentane 

0.318 

0.309 

0.302 

0.298 

0.296 

0.294 

n-Butyronitrile 

0.713 

0.676 

0.644 

0.615 

0.590 

0.568 

n-Valeronitrlle 

0.817 

0.653 

0.618 

0.589 

0.567 

0.549 
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TABLE  18.  Replicate  Measurement  of  Activity  Coefficients  for  Listed  Probe  Solutes 
at  Indicated  Temperatures  with  Poly  bd  X-20LM  R-45M 


iff 


30*C 

40®C 

50*C 

60®C 

70*C 

80*C 

n-Pentane 

0.424 

0.412 

0.403 

0.397 

0.393 

0.391 

n-Hexane 

0.468 

0.454 

0.444 

0.437 

0.433 

0.431 

n-Heptane 

0.517 

0.500 

0.488 

0.480 

0.475 

0.473 

n-Octane 

0.569 

0.548 

0.533 

0.524 

0.519 

0.517 

3-Methylpentane 

0.466 

0.450 

0.438 

0.429 

0.423 

0.419 

2,3-Dimethyl- 

pentane 

0.496 

0.478 

0.465 

0.456 

0.449 

0.446 

3-Methylhexane 

0.518 

0.499 

0.485 

0.476 

0.469 

0.466 

3-Methylheptane 

0.569 

0.547 

0.531 

0.520 

0.513 

0.509 

1-Hexene 

0.381 

0.373 

0.367 

0.363 

0.361 

0.362 

1-Heptene 

0.424 

0.413 

0.405 

0.401 

0.399 

0.399 

1-Octene 

0.466 

0.454 

0.445 

0.441 

0.440 

0.442 

Benzene 

0.227 

0.220 

0.215 

0.212 

0.210 

0.209 

Toluene 

0.243 

0.237 

0.233 

0.231 

0.230 

0.230 

Ethylbenzene 

0.296 

0.283 

0.274 

0.267 

0.263 

0.260 

o-Xylene 

0.281 

0.269 

0.260 

0.254 

0.250 

0.248 

p-Xylene 

0.276 

0.267 

0.260 

0.256 

0.253 

0.252 

Cyclohexane 

0.312 

0.302 

0.295 

0.289 

0.286 

0.284 

Methylcyclo- 

hexane 

0.358 

0.347 

0.339 

0.334 

0.330 

0.329 

Tetrahydrofuran 

0.138 

0.139 

0.140 

0.142 

0.144 

0.147 

Thiophene 

0.218 

0.211 

0.206 

0.202 

0.199 

0.198 

Acetone 

0.412 

0.389 

0.371 

0.356 

0.344 

0.335 

Methyl  Ethyl 

Ketone 

0.371 

0.355 

0.342 

0.332 

0.325 

0.320 

Methyl  Propyl 
Ketone 

0.374 

0.358 

0.347 

0.339 

0.333 

0.330 

Methyl  Butyl 

Ketone 

0.387 

0.370 

0.357 

0.349 

0.343 

0.339 

Acetylacetone 

0.526 

0.490 

0.463 

0.441 

0.424 

0.412 

Methylene 

Chloride 

0.182 

0.177 

0.172 

0.169 

0.166 

0.164 

Chloroform 

0.146 

0.148 

0.150 

0.152 

0.155 

0.159 

1-Chloropentane 

0.321 

0.311 

0.305 

0.300 

0.298 

0.296 

n-Butyronitrile 

0.741 

0.698 

0.660 

0.627 

0.598 

0.572 

n-Valeronitrile 

0.704 

0.659 

0.624 

0.596 

0.574 

0.557 
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TABLE  19.  Infinite-Dilution  Activity  Coefficients  Jf^for  Listed  Probe  Solutes  at 
Indicated  Temperatures  with  Poly  bd  X-25LM  R-45M 


30®C 

40“C 

50®C 

60*C 

70®C 

80®C 

n-Pentane 

0.368 

0.358 

0.351 

0.346 

0.343 

0.341 

n-Hexane 

0.437 

0.413 

0.394 

0.379 

0.367 

0.358 

n-Heptane 

0.449 

0.431 

0.417 

0.407 

0.401 

0.396 

nrOctane 

0.492 

0.470 

0.454 

0.443 

0.436 

0.432 

3-Methylpentane 

2,3-Dimethyl- 

0.404 

0.389 

0.378 

0.370 

0.364 

0.360 

pentane 

0.431 

0.414 

0.401 

0.391 

0.385 

0.380 

3-Methylhexane 

0.447 

0.429 

0.416 

0.407 

0.400 

0.397 

3-Methylheptane 

0.491 

0.470 

0.454 

0.443 

0.435 

0,431 

1-Hexene 

0.332 

0.322 

0.315 

0.310 

0.307 

0.306 

1-Heptene 

0.367 

0.355 

0.346 

0.340 

0.337 

0.335 

1-Octene 

0.403 

0.388 

0.378 

0.372 

0.368 

0.366 

Benzene 

0.192 

0.186 

0.182 

0.179 

0.177 

0.176 

Toluene 

0.205 

0.199 

0.196 

0.194 

0.193 

0.194 

Ethylbenzene 

0.248 

0.237 

0.230 

0.224 

0.220 

0.218 

o-Xylene 

0.235 

0.222 

0.218 

0.213 

0.209 

0.208 

p-Xylene 

0.233 

0.225 

0.219 

0.214 

0.212 

0.210 

Cyclohexane 

Methylcyclo- 

0.270 

0.260 

0.253 

0.248 

0.245 

0.242 

hexane 

0.310 

0.299 

0.291 

0.285 

0.281 

0.279 

Tetrahydrofuran 

0.121 

0.121 

0.122 

0.123 

0.124 

0.126 

Thiophene 

0.183 

0.177 

0.173 

0.170 

0.168 

0.167 

Acetone 

Methyl  Ethyl 

0.344 

0.329 

0.317 

0.307 

0.300 

0.294 

Ketone 

Methyl  Propyl 

0.315 

0.303 

0.294 

0.287 

0.282 

0.279 

Ketone 

Methyl  Butyl 

0.317 

0.306 

0.297 

0.292 

0.288 

0.286 

Ketone 

0.331 

0.317 

0.307 

0.300 

0.296 

0.293 

Acetylacetone 

Methylene 

0.434 

0.409 

0.391 

0.377 

0.366 

0.358 

Chloride 

0.152 

0.148 

0.145 

0.142 

0.140 

0.138 

Chloroform 

0.123 

0.124 

0.126 

0.128 

0.131 

0.134 

1-Chloropentane 

0.275 

0.266 

0.259 

0.254 

0.251 

0.249 

n-Butyronitrile 

0.612 

0.581 

0.554 

0.530 

0.509 

0,491 

n-Valeronitrile 

0.597 

0.560 

0.531 

0.508 

0.490 

0.476 
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TABLE  20.  Infinite-Dilution  Activity  Coefficients  for  Listed  Probe  Solutes  at 
Indicated  Temperatures  with  Poly  bd  X-120HM  R-45M 


30®C 

40'’C 

50®C 

60®C 

70®C 

80®C 

n-Pentane 

0.181 

0.181 

0.182 

0.183 

0.185 

0.188 

n-Hexane 

0.198 

0.197 

0.198 

0.199 

0.202 

0.206 

n-Heptane 

0.217 

0.216 

0.216 

0.217 

0.220 

0.223 

n-Octane 

0.240 

0.237 

0.236 

0.237 

0.239 

0.243 

3-Methylpentane 

0.205 

0.197 

0.191 

0.186 

0.182 

0.180 

2,3-Dimethyl- 

pentane 

0.218 

0.209 

0.201 

0.196 

0.192 

0.189 

3-Methylhexane 

0.227 

0.217 

0.209 

0.204 

0.200 

0.197 

3-Methylheptane 

0.249 

0.237 

0.229 

0.222 

0.218 

0.215 

1-Hexene 

0.160 

0.161 

0.164 

0.167 

0.171 

0.175 

1-Heptene 

0.185 

0.180 

0.177 

0.174 

0.173 

0.173 

1-Octene 

0.203 

0.197 

0.193 

0.191 

0.190 

0.190 

Benzene 

0.096 

0.094 

0.092 

0.091 

0.090 

0.090 

Toluene 

0.103 

0.101 

0.099 

0.099 

0.099 

0.099 

Ethylbenzene 

0.125 

0.120 

0.117 

0.114 

0.112 

0.112 

o-Xylene 

0.116 

0.112 

0.110 

0.108 

0.107 

0.107 

t^-Xylene 

0.306 

0.280 

0.260 

0.245 

0.108 

0.108 

Cyclohexane 

0.130 

0.130 

0.131 

0.132 

0.134 

0.137 

Methylcyclo- 

hexane 

0.150 

0.150 

0.151 

0.152 

0.154 

'  0.157 

Tetrahydrofuran 

0.067 

0.067 

0.068 

0.068 

0.069 

0.071 

Thiophene 

0.091 

0.089 

0.087 

0.086 

0.086 

0.086 

Acetone 

0.181 

0.176 

0.172 

0.170 

0.168 

0.167 

Methyl  Ethyl 
Ketone 

0.172 

0.167 

0.163 

0.161 

0.160 

0.159 

Methyl  Propyl 
Ketone 

0.174 

0.169 

0.166 

0.164 

0.163 

0.163 

Methyl  Butyl 
Ketone 

0.162 

0.168 

0.172 

0.179 

0.186 

0.195 

Acetylacetone 

0.230 

0.220 

0.212 

0.207 

0.204 

0.202 

Methylene 

Chloride 

0.076 

0.074 

0.074 

0.073 

0.073 

0.073 

Chloroform 

0.061 

0.063 

0.064 

0.066 

0.068 

0.070 

1-Chloropentane 

0.137 

0.133 

0.131 

0.129 

0.128 

0.128 

n-Butyronitrile 

0.320 

0.310 

0.300 

0.292 

0.285 

0.279 

n-Valeronitrlle 

0.307 

0.295 

0.286 

0.279 

0.274 

0.271 
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TABLE  21,  Gibbs  Free  Energies  of  Solution  -AGg/kJ  mol"^  fear  Listed  Probe  Solutes  at 
Indicated  Temperatures  with  Poly  bd  X>1QLM  R-45M 


-AGg/kJ 

mol"^ 

30‘*C 

40*C 

SO^C 

60®C 

70®C 

SO^C 

n~Pentane 

9.68 

9.17 

8.67 

8.16 

7.66 

7.16 

n-Hexane 

12.38 

11.81 

11.24 

10.67 

10.10. 

9.54 

n-Heptane 

15.04 

14.41 

13.78 

13.16 

12.53 

11.91 

n-Octane 

17.66 

16.97 

16.28 

15.60 

14.91 

14.23 

3~Methylpentane 

2,3-Dimethyl- 

11.89 

11.35 

10.82 

10.29 

9.76 

9.23 

pentane 

14.25 

13.65 

13.06 

12.47 

11.88 

11.30 

3--Methylhexane 

14.35 

13.75 

13.14 

12.54 

11.94 

11.35 

3-Methylheptan8 

16.91 

16.24 

15.57 

14.90 

14.24 

13.58 

1-Hexene 

12.38 

11.81 

11.24 

10.67 

10.10 

9.54 

1-Heptene 

15.05 

14.43 

13.82 

13.20 

12.59 

11.98 

1-Octene 

17.67 

16.99 

16.31 

15.63 

14.96 

14.29 

Benzene 

15.52 

14.94 

14.37 

13.80 

13.23 

12.67 

Toluene 

18.27 

17.64 

17.02 

16.40 

15.78 

15.16 

Ethylbenzene 

20.48 

19.83 

19.18 

18.53 

17.89 

17.24 

o-Xylene 

21.47 

20.81 

20.16 

19.51 

18.86 

18.21 

p-Xylene 

20.81 

20.15 

19.50 

18.85 

18.20 

17.55 

Cyclohexane 

Methylcyclo- 

14.49 

13.95 

13.40 

12.86 

12.32 

11.79 

hexane 

15.95 

15.38 

14.81 

14.24 

13.67 

13.11 

Tetrahydrofuran 

15.51 

14.93 

14.35 

13.77 

13.19 

12.62 

Thiophene 

16.06 

15.48 

14.91 

14.34 

13.78 

13.21 

Acetone 

Methyl  Ethyl 

11.97 

11.43 

10.89 

10.35 

9.82 

9.28 

Ketone 

Methyl  Propyl 

14.45 

13.88 

13.31 

12.74 

12.18 

11.62 

Ketone 

Methyl  Butyl 

16.86 

16.11 

15.36 

14.62 

13.87 

13.13 

Ketone 

19.36 

18.67 

17.98 

17.29 

16.61 

15.92 

Aoetylacetone 

Methylene 

19.29 

18.64 

17.99 

17.34 

16.69 

18.05 

Chloride 

12.39 

11.84 

11.30 

10.75 

10,21 

9.67 

Chloroform 

14.98 

14.37 

13.76 

13.16 

12.55 

11.95 

1-Chloropentane 

17.35 

16.70 

16.05 

15.40 

14.75 

14.11 

n-Butyronitrile 

16.54 

15.90 

15.26 

14.63 

.  14.00 

13.37 

n-Valeronitrile 

19.17 

18.47 

17.77 

17.07 

16.38 

15.69 

TABliE  SS»  Gibbs  Free  Energies  of  Solution  -AGg/kJ  mol"^  for  Listed  Probe  Solutes  at 
Indicated  Temperatures  with  Poly  bd  X-14LM  R-45M 


-AGg/kJ  mol"^ 


30®C 

40*C 

50®C 

60®C 

70®C 

80®C 

a-Pentane 

9.51 

9.17 

8.49 

7.99 

7.48 

6.98 

n-Hexane 

12.26 

11.67 

11.08 

10.49 

9.91 

9.32 

n-Heptane 

14.93 

14.29 

13.66 

13.03 

12.41 

11.78 

n-Octane 

17.58 

16.89 

16.20 

15.51 

14.82 

14.14 

3-Methylpentane 

11.74 

11.19 

10.65 

10.11 

9.57 

9.03 

2,3-Dimethyl- 

pentane 

14.04 

13.45 

12.86 

12.27 

11.69 

11.10 

3-Methylhexane 

14.21 

13.60 

12.99 

12.38 

11.77 

11.17 

3-Methylheptane 

16.78 

16.11 

15.44 

14.77 

14.10 

13.43 

1-Hexene 

12.29 

11.72 

11.15 

10.58 

10.02 

9.46 

1-Heptene 

14.94 

14.32 

13.69 

13.08 

12.46 

11.84 

1-Octene 

17.58 

16.89 

16.21 

15.53 

14.85 

14.17 

Benzene 

15.35 

14.79 

14.22 

13.66 

13.10 

12.54 

Toluene 

18.17 

17.53 

16.90 

16.28 

15.65 

15.03 

Ethylbenzene 

20.36 

19.71 

19.06 

18.41 

17.77 

17.12 

o-Xyleno 

21.39 

20.72 

20.06 

19.40 

18.75 

18.09 

p-Xylene 

20.71 

20.05 

19.39 

18.74 

18.08 

17.43 

Cyclohexane 

14.36 

13.81 

13.27 

12.72 

12.18 

11.64 

Methylcyclo- 

hexane 

15.85 

15.27 

14.69 

14.11 

13.54 

12.97 

Tetrahydrofuran 

15.31 

J4.71 

14.11 

13.51 

12.92 

12.33 

Thiophene 

15.93 

15.34 

14.77 

14.19 

13.62 

13.04 

Acetone 

11.76 

11.20 

10.64 

10.09 

9.54 

8.99 

Methyl  Ethyl 

Ketone 

14.30 

13.69  • 

13.08 

12.47 

11.87 

11.2.7 

Methyl  Propyl 
Ketone 

16.58 

15.92 

15.27 

14.61 

13.96 

13.31 

Methyl  Butyl 
Ketone 

19.20 

18.49 

17.79 

17.09 

16.39 

15.70 

Acetylacetone 

19.11 

18.46 

17.80 

17.15 

16.50 

15.86 

Methylene 

Chloride 

12.21 

11.66 

11.12 

10.58 

10.04 

9.51 

Chloroform 

14.80 

14.19 

13.59 

12.99 

12.39 

11.79 

1-Chloropentane 

17.22 

16.56 

15.90 

15.24 

14.59 

13.93 

n-Butyronitrile 

16.27 

15.69 

15.06 

14.42 

13.78 

13.15 

n-Valeronitrile 

18.95 

18.27 

17.58 

16.90 

16.22 

15.54 
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TABLE  2Sr  Gibbs  Free  Energies  of  Solution  -AGg/kJ  mol"^  tor  Listed  Probe  Solutes  at 
Indicated  Temperatures  with  Poly  bd  X-20LM  R-45M 


-AGg/kJ  mol"^ 


30*C 

40'*C 

50®C 

60®C 

70®C 

80®C 

n-Pentane 

9.84 

9.32 

8.80 

8.29 

7.78 

7.27 

n-Hexane 

12.56 

11.97 

11,39 

10.82 

10.24 

9.67 

n-Heptane 

15.23 

14.58 

13.93 

13.29 

12.65 

12.01 

n-Octane 

17.88 

17.17 

16.45 

15.74 

15.04 

14.33 

3“Methylpentane 

12.04 

11.48 

10.92 

10.37 

9.82 

9.27 

2,3~Dimethyl- 

pentane 

14.35 

13,75 

13.14 

12.54 

11.94 

11.35 

3-Methylhexane 

14.52 

13.89 

13.27 

12.65 

12.03 

11.42 

3-Methylheptane 

17.08 

16.39 

15.70 

15.02 

14.33 

13.65 

1-Hexene 

12.55 

11.98 

11.41 

10.84 

10.28 

9.71 

1-Heptene 

15.22 

14,58 

13.95 

13.32 

12,69 

12.06 

1-Octene 

17,85 

17.15 

16.45 

15.76 

15.06 

14.37 

Benzene 

15.54 

14.97 

14.40 

13.84 

13.28 

12.72 

Toluene 

18.33 

17.70 

17.07 

16.44 

15.82 

15.20 

Ethylbenzene 

20.56 

19.90 

19.24 

18.58 

17.92 

17.27 

o-Xylene 

21.60 

20.92 

20.24 

19.56 

18.89 

18.22 

p-Xylene 

20.93 

20.26 

19.58 

18.91 

18.23 

17.56 

Cyclohexane 

14.67 

14.10 

13.54 

12.98 

12.43 

11.87 

Methylcyclo- 

hexane 

16.15 

15.55 

14.96 

14.37 

13.78 

13.19 

Tetrahydrofuran 

15.49 

14.89 

14.30 

13.71 

13.13 

12.54 

Thiophene 

16.04 

15.48 

14.91 

14.35 

13.80 

13.24 

Acetone 

11,89 

11.35 

10.83 

10.31 

9.80 

9.28 

Methyl  Ethyl 

Ketone 

14.41 

13.81 

13.22 

12.62 

12.03 

11.45 

Methyl  Propyl 
Ketone 

16,70 

16.04 

15.39 

14.74 

14.09 

13.45 

Methyl  Butyl 

Ketone 

19.32 

18.62 

17.91 

17.21 

16.51 

15.82 

Acetylacetone 

19.17 

18.52 

17.87 

17.23 

16.58 

15.94 

Methylene 

Chloride 

12.33 

11.78 

11.24 

10.71 

10.17 

9.64 

Chloroform 

14.89 

14.30 

13.70 

13.11 

12.52 

11.93 

1-Chloropentane 

17.39 

16.73 

16.08 

15.43 

14.78 

14.13 

n-Butyronitrile 

16.35 

15.72 

15.09 

14.47 

13.84 

13.22 

n-Valeronitrlle 

18.96 

18.29 

17.61 

16.94 

16.26 

15.60 
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TABLE  24,  Replicate  Measurement  of  Gibbs  Free  Energies  of  Solution  mol"^  for 

Listed  Probe  Solutes  at  Indicated  Temperatures  with  Poly  bd  X'-20LM  R-451Vr 


“AGg/kJ  mol”^ 


30®C 

40®C 

50®C 

60®C 

70®C 

80®C 

n-Pentane 

9.85 

9.32 

8.80 

8.27 

7.75 

7.23 

n-Hexane 

12.57 

11.97 

11.38 

10.79 

10.20 

9.62 

n-Heptane 

15.23 

14.57 

13.92 

13.26 

12.61 

11.96 

n-Octane 

17.88 

17.16 

16.43 

15.71 

15.00 

14.28 

3-Methylpentane 

12.04 

11.48 

10.92 

10.37 

9.81 

9.26 

2,3-Dimethyl- 

pentane 

14.35 

13.75 

13.14 

12.54 

11.94 

11.34 

3-Methylhexane 

14.51 

13.88 

13.26 

12.64 

12.02 

11.40 

3-Methylheptane 

17.07 

16.38 

15.69 

15.01 

14.32 

13.64 

1-Hexene 

12.58 

11.99 

11.41 

10.84 

10.26 

9.69 

1-Heptene 

15.22 

14.58 

13.94 

13.30 

12.66 

12.02 

1-Octene 

17.86 

17.14 

16.43 

15.72 

15.01 

14.30 

Benzene 

15.51 

14.94 

14.38 

13.81 

13.25 

12.69 

Toluene 

18.30 

17.67 

17.04 

16.42 

15.79 

15.17 

Ethylbenzene 

20.48 

19.83 

19.18 

18.54 

17.90 

17.26 

o-Xylene 

21.51 

20.84 

20.18 

19.52 

18.87 

18.21 

p-Xylene 

20.86 

20.19 

19.53 

18.87 

18.21 

17.55 

Cyclohexane 

14.66 

14.10 

13.54 

12.98 

12.42 

11.86 

Methylcyclo- 

hexane 

16.14 

15.55 

14.95 

14.36 

13.77 

13.18 

Tetrahydrofuran 

15.45 

14.85 

14.24 

13.64 

13.04 

12.45 

Thiophene 

16.03 

15.46 

14.89 

14.33 

13.76 

13.20 

Acetone 

11.81 

11.27 

10.72 

10.17 

9.63 

9.09 

Methyl  Ethyl 

Ketone 

14.37 

13.77 

13.17 

12.57 

11.97 

11.37 

Methyl  Propyl 
Ketone 

16.66 

16.01 

15.35 

14.70 

14.05 

13.40 

Methyl  Butyl 

Ketone 

19.30 

18.59 

17.88 

17.17 

16.47 

15.77 

Acetylaoetone 

19.11 

18.47 

17.83 

17.20 

16.57 

15.94 

Methylene 

Chloride 

12.28 

11.74 

11.21 

10.68 

10.15 

9.62 

Chloroform 

14.87 

14.27 

13.67 

13.08 

12.49 

11.90 

1-Chloropentane 

17.37 

16.71 

16.06 

15.41 

14.76 

14.12 

n-Butyronitrile 

16.25 

15.64 

15.03 

14.41 

13.81 

13.20 

n-Valeronitrile 

18.94 

18.26 

17.58 

16.90 

16.23 

15.56 
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TABLE  Gibbs  Free  Energies  of  Solution  -AG  /kJ  mor^  for  Listed  Probe  Solutes  at 
Indicated  Temperatures  with  Poly  bd  X-25LM  R-45M 


-AGg/kJ  mol"^ 


30®C 

40®C 

50®C 

60®C 

70®C 

80®C 

n-Pentane 

9.73 

9.20 

8.66 

8.13 

7.60 

7.08 

n-Hexane 

12.27 

11.73 

11.12 

10.66 

10.13 

9.60 

n-Heptane 

15.11 

14.47 

13.83 

13.19 

12.56 

11.93 

n-Oetane 

17.77 

17.07 

16.36 

15.66 

14.95 

14.26 

3-Methylpentane 

2,3>Dimethyl- 

11.93 

11.37 

10.81 

10.26 

9.70 

9.15 

pentane 

14.23 

13.63 

13.04 

12.44 

11.85 

11.26 

3-Methylhexane 

14.41 

13.79 

13.17 

12.55 

11.94 

11.32 

3-Methylheptane 

16.97 

16.29 

15.61 

14.93 

14.25 

13.58 

1-Hexene 

12.45 

11.88 

11.31 

10.75 

10.19 

9.63 

1-Heptene 

15.12 

14.49 

13.86 

13.23 

12.60 

11.98 

1-Oetene 

17.75 

17.06 

16.36 

15.67 

14.98 

14.30 

Benzene 

15,46 

14.89 

14.33 

13.76 

13.20 

12.64 

Toluene 

18.26 

17.63 

17.00 

16.37 

15.75 

15.13 

Ethylbenzene 

20.46 

19.81 

19.15 

18.51 

17.86 

17.21 

o-Xylene 

21.48 

20.86 

20.15 

19.50 

18.84 

18.18 

p-Xylene 

20.81 

20.15 

19.50 

18.84 

18.18 

17.53 

Cyclohexane 

Methylcyclo- 

14.55 

13.99 

13.44 

12.88 

12.33 

11.78 

hexane 

16.04 

15.45 

14.86 

14.28 

13.69 

13.11 

Tetrahydrofuran 

15.30 

14.71 

14.11 

13.52 

12.93 

12.34 

Thiophene 

16.01 

15.43 

14.86 

14.29 

13.72 

13.15 

Acetone 

Methyl  Ethyl 

11.79 

11.21 

10.64 

10.06 

9.49 

8.92 

Ketone 

Methyl  Propyl 

14.31 

13.69 

13.07 

12.45 

11.83 

11.22 

Ketone 

Methyl  Butyl 

16.60 

15.93 

15.26 

14.59 

13.93 

13.27 

Ketone 

19.22 

18.50 

17.78 

17.06 

16.35 

15.64 

Acetylacetone 

Methylene 

19.12 

18.45 

17.78 

17.12 

16.45 

15.79 

Chloride 

12.26 

11.71 

11.17 

10.63 

10.10 

9.56 

Chloroform 

14.84 

14.24 

13.64 

13.04 

12.44 

11.85 

1-Chloropentane 

17.28 

16.64 

15.99 

15.35 

14.71 

14.08 

n-Butyronitrile 

16.26 

15.63 

14.99 

14.36 

13.73 

13.10 

n-Valeronitrile 

18.88 

18.19 

17.51 

16.83 

16.15 

15.47 
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TABLE  26.  Gibbs  Free  Energies  of  Solution  -^Gg/kJ  mol"^  for  Listed  Probe  Solutes  at 
Indicated  Temperatures  with  Poly  bd  X-120HM  R-45M 


30®C 

40®C 

n-Pentane 

9.73 

9.13 

n-Hexane 

12.48 

11.81 

n-Heptane 

15.15 

14.42 

n*Octane 

17.79 

16.70 

3-Methylpentane 

2,3-Dimethyl- 

11.85 

11.29 

pentane 

14.16 

13.57 

3-Methylhexane 

14.32 

13.71 

3-Methylheptane 

16.88 

16.21 

1-Hexene 

12.50 

11,83 

1-Heptene 

15.05 

14.40 

1-Octene 

17.69 

16.98 

Benzene 

15.41 

14,82 

Toluene 

18.20 

17.56 

Ethylbenzene 

20.39 

19.73 

o-Xylene 

21.47 

20.78 

p-Xylene 

20.80 

20,12 

Cyelohesene 

Methylcyolo" 

14.60 

13.95 

hexane 

16.07 

15.40 

Tetrahydrofuran 

15.01 

14.39 

Thiophene 

15.97 

15.37 

Acetone 

Methyl  Ethyl 

11.63 

11.00 

Ketone 

14.05 

13.39 

Methyl  Propyl 
Ketone 

Methyl  Butyl 

16.32 

15.62 

Ketone 

19.23 

18.33 

Acetylacetone 

Methylene 

18.93 

18.22 

Chloride 

12.23 

11.65 

Chloroform 

14.80 

14.17 

1-Chloropentane 

17.24 

16.58 

n-ButyronitrSle 

-16.10 

15.41 

n-Valeronitrile 

18.77 

18.01 

-AGg/kJ  mor^ 

50*C 

60®C 

70®C 

80®C 

8.52 

7.93 

7.33 

6.73 

11.14 

10.47 

9.81 

9.15 

13.69 

12.97 

12.24 

11.52 

16.21 

15.42 

14.64 

13.86 

10.74 

10.20 

9.65 

9.11 

12.98 

12.39 

11.80 

11.22 

13.10 

12.50 

11.89 

11.29 

15.54 

14.87 

14.20 

13.54 

11.16 

10.50 

9.84 

9.18 

13.76 

13.11 

12.48 

11.84 

16.26 

15.55 

14.84 

14.14 

14.24 

13.67 

13.09 

12.52 

16.91 

16.28 

15.64 

15.00 

19.06 

18.41 

17.75 

17.09 

20.09 

19.41 

18,73 

18,05 

19.43 

18.75 

18.07 

17.39 

13.30 

12.66 

12.01 

11.37 

14.72 

14.05 

13.38 

12.71 

13.78 

13.17 

12.56 

11.95 

14.78 

14.19 

13.60 

13.01 

10.36 

9.74 

9.11 

8.49 

12.74 

12.08 

11.43 

10.78 

14.92 

14.22 

13.52 

12.82 

17.43 

16.53 

15.64 

14.75 

17.51 

16.80 

16.10 

15.39 

11.07 

10.50 

9.93 

9.36 

13.54 

12.90 

12.28 

11.65 

15.91 

15.25 

14.60 

13.94 

14.72 

14.04 

13.35 

12.67 

17.23 

16.52 

15.78 

15.03 
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TABLE  27.  Entropies  of  Solution  ^S„/e.u.  for  Listed  Probe  Solutes  at  Indicated 
Temperatures  with  Poly  bd  X-IOLM  R-45ot 


30®C 

40®C 

n-Pentane 

38.15 

37.95 

n-Hexane 

44.65 

44.45 

n-Heptane 

50.25 

50.05 

nrOctane 

56.35 

56.10 

3-Methylpentane 

2,3-Dimethyl- 

40.95 

40.75 

pentane 

46.75 

46.50 

3-Methylhexane 

47.90 

,47.70 

3-Methylheptane 

54.30 

54.10 

1-Hexene 

44.65 

44.45 

1-Heptene 

49.25 

49.00 

1-Octene 

55.30 

55.10 

Benzene 

44.70 

44.50 

Toluene 

49.80 

49.60 

Ethylbenzene 

52.55 

52.35 

o-Xylene 

53.00 

52.75 

p-Xylene 

53.00 

52.80 

Cyclohexane 

Methylcyolo- 

41.85 

41.65 

hexane 

44.65 

44.40 

Tetrahydrofuran 

45.55 

45.35 

Thiophene 

44.65 

44.45 

Acetone 

Methyl  Ethyl 

41.60 

41.35 

Ketone 

Methyl  Propyl 

44.30 

44.10 

Ketone 

Methyl  Butyl 

62.55 

62.30 

Ketone 

56.40 

56.20 

Acetylacetone 

Methylene 

52.60 

52.40 

Chloride 

42.25 

42.05 

Chloroform 

48.35 

48.10 

1-Chloropentane 

52.65 

52.45 

n-Butyronitrtte 

51.10 

50.90 

n-Valeronitrile 

57.35 

57.15 

i^g/e.u. 


50*0 

eo^c 

70®C 

80®  C 

37.75 

37.55 

37.35 

37.20 

44.25 

44.05 

43.85 

43.65 

49.85 

49.65 

49.45 

49.25 

55.90 

55.70 

55.55 

55.35 

40.55 

40.35 

40.15 

39.95 

46.30 

46.10 

45.90 

45.75 

47.50 

47,30 

47.10 

46.95 

53.90 

53.70 

53.50 

53.35 

44.25 

44.05 

43.85 

43.65 

48.80 

48.60 

48.45 

48.25 

54.90 

54.70 

54.50 

54.35 

44.30 

44.10 

43.90 

43.70 

49.40 

49.20 

49.00 

48.85 

52.15 

51.95 

51.75 

51.55 

52,55 

52.35 

52.20 

52.00 

52.55 

52.35 

52.20 

52.00 

41.45 

41.25 

4L05 

40.90 

44.20 

44.00 

43.85 

43.65 

45.15 

44.95 

44.75 

44.60 

44.25 

44.05 

43.85 

43.70 

41.15 

41.95 

40.75 

40.60 

43.90 

43.70 

43.50 

43.35 

62.10 

61.90 

61.75 

61.55 

56.00 

55.80 

55.60 

55.45 

52.20 

52.00 

51.80 

51.65 

41.85 

41.65 

41.45 

41.25 

47.90 

47.70 

47.55 

47.35 

52.25 

52.05 

51.85 

51.70 

50.70 

50.50 

50.30 

50.10 

55.95 

56.75 

56.55 

56.35 
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TABLE  28.  Entropies  of  Solution  ^Sg/e.u.  for  Listed  Probe  Solutes  at  Indicated 
..Temperatures  with  Poly  bd  X-14LM  R-45M 


ASg/e.u. 


30®C 

40®C 

50*C 

60®C 

70®C 

OO^C 

n-Pentane 

38.30 

38.10 

37.90 

37.70 

37.50 

37.30 

n-Hexane 

46.50 

46.30 

46.10 

45.90 

45.70 

45.50 

u-Heptane 

S0.65 

50.45 

50.25 

50.05 

49.85 

49.65 

n-Oetane 

56.65 

56.45 

56.25 

56.05 

55.85 

55.65 

3-Methylpentane 

42.00 

41.80 

41.60 

41.40 

41.20 

41.00 

2,3-Dimethyl- 
.  pentane 

46.45 

46.20 

46.00 

45.80 

45.60 

45.45 

3-Methylhexane 

48.50 

48.30 

48.10 

47.90 

47.70 

47.55 

S-Methylheptane 

54.80 

54.60 

54.40 

54.20 

54.00 

53.85 

1-Hexene 

44.30 

44.05 

43.85 

43.65 

43.45 

43.30 

1-Hep  tene 

49.80 

49.60 

49.40 

49.20 

49.00 

49.85 

1-Octene 

55.90 

55.70 

55.50 

55.30 

55.10 

54.90 

Benzene 

43.90 

43.70 

43.50 

43.30 

43.10 

42.90 

Toluene 

50.50 

50.30 

50.10 

49.90 

49.70 

49.50 

Ethylbenzene 

52.55 

52.30 

52.10 

51.90 

51.70 

51.55 

o-Xylene 

53.70 

53.50 

53.30 

53.10 

52.90 

52.70 

p-Xylene 

53.30 

53.10 

52.90 

52.70 

52.50 

52.35 

Cyclohexane 

42.35  . 

42.10 

41.90 

41.70 

41.50 

41.35 

Methylcyclo- 

hexane 

45.35 

45.15 

44.95 

44.75 

44.55 

44.40 

Tetrahydrofuran 

47.25 

47.05 

46.85 

46.65 

46.45 

46.25 

Thiophene 

45.40 

45.20 

45.00 

44.75 

44.55 

44.40 

Acetone 

43.20 

43.00 

42.80 

42.60 

42.40 

42.25 

Methyl  Ethyl 

Ketone 

48.30 

48.10 

47.90 

47.70 

47.50 

47.30 

Methyl  Propyl 
Ketone 

53.10 

52.90 

52.70 

52.50 

52.30 

52.10 

Methyl  Butyl 

Ketone 

57.80 

57.55 

57.35 

57.15 

56,95 

56.80 

Acetylacetone 

52.80 

52.60 

52.40 

52.20 

52.00 

51.85 

Methylene 

Chloride 

41.75 

41.55 

41.35 

41.15 

40.95 

40.75 

Chloroform 

47.90 

47.70 

47.50 

47.30 

47.10 

46.90 

1-Chloropentane 

53.45 

53.25 

53.05 

52.85 

52.65 

52.45 

n-Butyronltrile 

50.45 

50.10 

49.90 

49.75 

49.55 

49.40 

n-Valeronitrlle 

56.05 

55.80 

55.60 

55.40 

53.25 

55.05 
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TABLE  29.  Entropies  of  Solution  AS-/e.u.  for  Listed  Probe  Solutes  at  Indicated 
Temperatures  with  Poly  bd  X-20LM  R-45m 


ASg/e.u. 


30®C 

40®C 

n-Pentane 

39.10 

38.90 

n-Hexane 

45.50 

45.30 

n-Heptane 

52.10 

51.90 

n-Octane 

58.75 

58.50 

3-Methylpentane 
2,3-Dim  ethyl- 

42.95 

42.75 

pentane 

47.80 

47.60 

3-Methylhexane 

49.80 

49.60 

3-Methylheptane 

56.30 

56.10 

1-Hexene 

44.45 

44.25 

1-Heptene 

50.80 

50.60 

l-Octene 

57.25 

57.05 

Benzene 

44.10 

43.90 

Toluene 

50.20 

50.00 

Ethylbenzene 

53.55 

53.35 

o-Xylene 

55.45 

55.25 

p-Xylene 

55.10 

54.90 

Cyclohexane 

Methyleyolo- 

.  43.50 

43.30 

hexane 

46.85 

46,60 

Tetrahydrofuran 

46.60 

46.40 

Thiophene 

43.80 

43.55 

Acetone 

39.60 

39.40 

Methyl  Ethyl 

Ketone 

Methyl  Propyl 

46.90 

46.70 

Ketone 

Methyl  Butyl 

52.65 

52.45 

Ketone 

57.75 

57.55 

Acetylacetone 

Methylene 

52.30 

5Sao 

Chloride 

41.45 

41.25 

Chloroform 

47.05 

46,83 

l-Chloropentane 

52.75 

S2.$5 

n-ButyronItrile 

50.30 

50.05 

n-Valcronitrile 

55.05 

54.80 

50®C 

60®C 

70®C 

80®C 

38.70 

38.50 

38.30 

38.10 

45.10 

44.90 

44.70 

44.50 

51.70 

51.50 

51.30 

51.10 

58.30 

58.10 

57.95 

57.75 

42.55 

42.35 

42,15 

42.00 

47.40 

47.20 

47.00 

46.80 

49.35 

49,15 

49.00 

43.80 

55.90 

55.70 

55.50 

55.30 

44.00 

43.80 

43.65 

43.45 

50.40 

50.20 

50.00 

49.80 

56.80 

56.60 

56.45 

56.25 

43.65 

43.45 

43.30 

43.10 

49.75 

49.55 

49.40 

49,20 

53.15 

52.95 

52.75 

52.55 

55.05 

54.85 

54.65 

54.45 

54.65 

54.45 

54.30 

54.10 

43.10 

42.90 

42.70 

42.50 

46.40 

46.20 

46.05 

45.85 

46.20 

46.00 

45.80 

45-60 

43.35 

43.15 

42.95 

42,80 

39.20 

39.00 

38.80 

38.60 

46.45 

46.25 

46.10 

45.90 

52.20 

52.00 

51.85 

51.65 

57.35 

57.15 

56.95 

56.75 

51.90 

51.70 

51.50 

51.30 

41.05 

40.S5 

40.65 

40,45 

46.60 

46.45 

46,23 

46,05 

52.35 

52.15 

51.95 

51.80 

49.85 

49.65 

49.45 

49.30 

54.60 

54.40 

54.25 

54,05 

TABLE  30.  Replicate  Measurement  of  Entropies  of  Solution  AS„/e.u.  for  Listed  Probe 
Solutes  at  Indicated  Temperatures  with  Poly  bd  X-20LM  R-45M 


A5g/e.u. 


30®C 

40*C 

50®C 

60®C 

70®C 

80“C 

n-Pentane 

40.15 

39.95 

39.75 

39.55 

39.35 

39.15 

n-Hexane 

46,75 

46.55 

46.30 

46.10 

45.95 

45.75 

n~Heptane 

53.10 

52.90 

52.70 

52.50 

52.30 

52.10 

n-Octane 

59.70 

59.45 

59.25 

59.05 

58.85 

58.70 

3-Methylpentane 

43.25 

43.00 

42.80 

42.60 

42.40 

42.25 

2,3-Dim  ethyl- 
pentane 

47.90 

47.65 

47.45 

47.25 

47.05 

46.90 

3-Methylhexane 

49.80 

49.60 

49.35 

49.20 

49.00 

48.80 

3-Methylheptane 

56.20 

55.95 

55.75 

55.55 

55.35 

55.20 

1-Hexene 

45.45 

45.25 

45.00 

44.85 

44.65 

44.45 

1-Hep  tene 

51.75 

51.55 

51.35 

51.15 

50.95 

50.75 

1-Octene 

58.80 

58.60 

58.40 

58.20 

58.00 

57.80 

Benzene 

44.05 

43.85 

43.60 

43.40 

43.25 

43.05 

Toluene 

50.25 

50.00 

49.80 

49.60 

49.45 

49.25 

Ethylbenzene 

52.15 

51.95 

51.75 

51.55 

51.35 

51.15 

o-Xylene 

53.60 

53.40 

53.20 

53.00 

52.80 

52.60 

p-Xylene 

53.90 

53.65 

53.45 

53.25 

53.05 

52.90 

Cyclohexane 

43.75 

43.50 

43.30 

43.10 

42.95 

42.75 

Methylcyclo- 

hexane 

46.90 

46.70 

46.50 

46.30 

46.10 

45.90 

Tetrahydrofuran 

47.80 

47.80 

47.40 

47.20 

47.00 

46.80 

Thiophene 

44.30 

44.10 

43.90 

43.70 

43.50 

43.30 

Acetone 

42.10 

41.90 

41.70 

41.50 

41.30 

41.15 

Methyl  Ethyl 

Ketone 

47.65 

47.45, 

47.20 

47.00 

46.85 

46.65 

Methyl  Propyl 
Ketone 

52.85 

52.60 

52.40 

52.20 

52.00 

51.85 

Methyl  Butyl 

Ketone 

58.25 

58.05 

57.85 

57.65 

57.45 

57.25 

Acetylacetone 

51.10 

50.90 

50.65 

50,45 

50.30 

50.10 

Methylene 

Chloride 

40.80 

40.60 

40.40 

40.20 

40.00 

39.80 

Chloroform 

46.90 

46.70 

46.50 

46.30 

46.10 

45.90 

l-Chloropentano 

52.70 

52.50 

52.30 

52.10 

51.90 

51.70 

n-Butyronitrile 

48.80 

48.55 

48.35 

48.15 

47,95 

47.80 

n-Valeronitrile 

55.35 

55.15 

54.95 

54.75 

54,55 

54.35 
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TABLE  31.  Entropies  of  Solution  AS«/e.u.  for  Listed  Probe  Solutes  at  Indicated 
Temperatures  with  Poly  bd  X-25LM  R-451w 


ASg/e.u. 


30*C 

40®C 

50*C 

60®C 

70*C 

80®C 

n-Pentane 

40.80 

40.60 

40.35 

40.15 

40.00 

39.80 

n-Hexane 

40.95 

40.75 

40.50 

40.30 

40.15 

39.95 

n-Heptane 

51.40 

51.20 

51.00 

50.80 

50.60 

50.40 

n-Octane 

58.00 

57.75 

57.55 

57.35 

57.15 

57.00 

3-Methylpentane 

2,3-Dimethyl- 

43.10 

42.90 

42.70 

42.50 

42.30 

42.10 

pentane 

47.20 

47.00 

46.75 

46.55 

46.40 

46.20 

3-Methylhexane 

49.30 

49.10 

48.90 

48.70 

48.50 

48.30 

3-Methylheptane 

55.30 

55.10 

54.90 

54.70 

54.50 

54.30 

1-Hexene 

44.05 

43.80 

43.60 

43.40 

43.20 

43.05 

1-Heptene 

50.30 

50.10 

49.90 

49.70 

49.50 

49.30 

1-Octene 

56.70 

56.50 

56.30 

56.10 

55.90 

55.70 

Benzene 

44.15 

43.90 

43.70 

43.50 

43.30 

43.15 

Toluene 

50.25 

50.05 

49.85 

49.65 

49.45 

49.25 

Ethylbenzene 

52.55 

52.35 

52,15 

51.95 

51,75 

51.55 

o-Xylene 

54.10 

53.75 

53.65 

53.45 

53.25 

53.05 

p-Xylene 

53.35 

53.15 

52.95 

52.75 

52.55 

52,35 

Cyclohexane 

Methylcyclb- 

43.20 

43.00 

42.80 

42.60 

42.40 

42.20 

hexane 

46.15 

45.95 

45.75 

45.55 

45.35 

45.15 

Tetrahydrofuran 

46.95 

46.70 

46.50 

46.30 

46.10 

45.95 

Thiophene 

44.85 

44.65 

44.45 

44.25 

44.05 

43.85 

Acetone 

Methyl  Ethyl 

45.10 

44.90 

44.70 

44.50 

44.30 

44.10 

Ketone 

Methyl  Propyl 

49.50  ' 

49.30 

49.10 

48.90 

48.70 

48.50 

Ketone 

Methyl  Butyl 

54.30 

54.05 

53.85 

53.65 

53.45 

53.30 

Ketone 

59.15 

58.90 

58.70 

58.50 

58.30 

58.15 

Acetylacetone 

Methylene 

54.20 

54.00 

53.80 

53.60 

53.40 

53.20 

Chloride 

41.45 

41.25 

41.05 

40.85 

40.65 

40.45 

Chloroform 

47.55 

47.35 

47.15 

46.95 

46.75 

46.55 

1-Chloropentane 

51.70 

51.50 

51.30 

51.10 

50.90 

50.70 

n-Butyronitrlle 

50.90 

50.65 

50.45 

50.25 

50.05 

49.90 

n-Valeronitrlle 

55.95 

55.75 

55.55 

55.35 

55.15 

54.95 
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TABLE  32.  Entropies  of  Solution  ^Sg/eM.  for  Listed  Probe  Solutes,  at  Indicated 
Temperatures  with  Poly  bd  X-120HM  R-4^ 


30®C 

40®C 

50®C 

60“C 

70*C 

OO^C 

n-Pentane 

47.65 

47.45 

47.25 

47.05 

46.85 

46.65 

n-Hexane 

54.30 

54.10 

53.90 

53.70 

53.50 

53.30 

n-Heptane 

60.40 

60.15 

59.95 

59.75 

59.55 

59.40 

n-Octane 

66.35 

66.10 

65.90 

65.70 

65.50 

65.35 

3-Methylpentane 

42.50 

42.25 

42.05 

41.85 

41.65 

41.50 

2,3-Dim  ethyl- 
pentane 

46.45 

46.25 

46.05 

45.85 

45.65 

45.45 

3-Methylhexane 

48.45 

48.25 

48.05 

47.85 

47.65 

47.45 

3-Methylheptane 

54.70 

54.50 

54.30 

54.10 

53.90 

53.70 

1-Hexene 

54.10 

53.90 

53.70 

53.50 

53.30 

53.10 

1-Heptene 

51.85 

51.65 

51.45 

51.25 

51.05 

50.85 

1-Octene 

58.75 

58.55 

58.35 

58.15 

57.95 

57.80 

Benzene 

45.45 

45.25 

45.00 

44.85 

44.65 

44.45 

Toluene 

51.65 

51.45 

51.25 

51.05 

50.85 

50.65 

Ethylbenzene 

53.60 

53.40 

53.20 

53.00 

52.80 

52.65 

o-Xylene 

56.10 

55.90 

55.65 

55.45 

55.30 

55.10 

p-Xylene 

55.95 

55,70 

55.50 

55.30 

55.15 

54.95 

Cyclohexane 

52.25 

52.05 

51.85 

51.65 

51.45 

51.25 

Methylcyclo- 

hexane 

55.05 

54.85 

54.65 

54.45 

54.25 

54.05 

Tetrahydrofuran 

48.85 

48.65 

48.40 

48.20 

48.05 

47.85 

Thiophene 

46.85 

46.65 

46.45 

46.25 

46.05 

45.85 

Acetone 

50.60 

50.40 

50.20 

50.00 

49.80 

49.60 

Methyl  Ethyl 

Ketone 

53.10 

52.90 

52.70 

52.50 

52.30 

•52.10 

Methyl  Propyl 
Ketone 

57.65 

57,45 

57.25 

57.05 

56.85 

56.65 

Methyl  Butyl 

Ketone 

77.20 

77.00 

76.80 

76.60 

76.40 

76.20 

Acetylacetone 

58.55 

58.35 

58.15 

57.95 

57.75 

57.55 

Methylene 

Chloride 

45.20 

45.00 

44.80 

44.60 

44.40 

44.20 

Chloroform 

50.65 

50.45 

50.25 

50.05 

49.85 

49.65 

1-Chloropentane 

53.80 

53.60 

53.40 

53.20 

53.00 

52.80 

n-Butyronitrile 

56.30 

56.10 

55.90 

55.70 

55.50 

55.30 

n-Valeronitrile 

62.35 

62.15 

61.95 

61.75 

61.55 

61.35 
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TABLE  S3«  Enthalpies  of  Solution  -AH„/kJ  niol“l  for  Listed  Probe  Solutes  with  Indicated 
Lots  of  Poly  bd  R-45M  ^ 


-AHg/kJ  mol"^ 


lOLM 

14LM 

20LM/1 

20LM/2 

25LM 

120HM 

n-Pentane 

25.20 

25.08 

25.66 

25.99 

26.08 

28.12 

n-Hexane 

29.87 

30.31 

30.32 

30.71 

28.66 

32.88 

n-Heptane 

34.22 

34,23 

34.98 

35.30 

34.68 

37.40 

n-Octane 

38.69 

38.71 

39.65 

39.94 

39.33 

41.84 

3-Methylpentane 

2,3-Dimethyl- 

28.26 

28.43 

29.03 

29.11 

28.98 

28.66 

pentane 

32.36 

32.07 

32.81 

32.83 

32.52 

32.18 

3-Methylhexane 

32.83 

32.87 

33.58 

33.57 

33.34 

32.95 

3-Methylheptane . 

37.33 

37.36 

38.12 

38.07 

37.72 

37.41 

1-Hexene 

29.87 

29.66 

29.99 

30.32 

29.78 

32.84 

1-Heptene 

33.93 

34.00 

34.58 

34.88 

34.35 

34.71 

1-Octene 

38.39 

38,47 

39.17 

39.65 

38.92 

39.45 

Benzene 

33.02 

32.61 

32.87 

32.83 

32.82 

33.12 

Toluene 

37,32 

37.43 

37.51 

37.49 

37.48 

37.80 

Ethylbenzene 

40.37 

40.24 

40.76 

40.26 

40.38 

40.58 

o-Xylene 

41.49 

41.62 

42.38 

41.73 

41.86 

42.41 

p-Xylene 

40.83 

40.83 

41.60 

41.16 

40.97 

41.70 

Cyclohexane 

Methylcyclo- 

31.14 

31.15 

31.82 

31.89 

31.63 

34.38 

hexane 

33.44 

33.55 

34.31 

34.33 

34.01 

36.70 

Tetrahydrofuran 

33.28 

33.59 

33.58 

33.91 

33.51 

33.75 

Thiophene 

33.56 

33.63 

33.28 

33.43 

33.59 

34.12 

Acetone 

Methyl  Ethyl 

28.53 

28.81 

27.85 

28.55 

29.45 

30.91 

Ketone 

Methyl  Propyl 

31.83 

32.90 

32.59 

32.78 

•33.30 

34.09 

Ketone 

Methyl  Butyl 

39.77 

36.63 

36.62 

36.64 

37.04 

37.74 

Ketone 

40.41 

40.67 

40.80 

40.92 

41.12 

46.57 

Acetylacetone 

Methylene 

39.19 

39.08 

39.00 

38.56 

39.54 

40.62 

Chloride 

29.16 

28.82 

28.86 

28.61 

28.81 

29.87 

Chloroform 

33.58 

33.28 

33.12 

33.05 

33.24 

34.10 

1-Chloropentane 

37.27 

37.38 

37.35 

37.31 

36.94 

37.49 

n-Butyronitrile 

35.98 

35.52 

35.56 

35.01 

35.67 

37.11 

n-Valeronitrile 

40.51 

39.90 

39.61 

39.69 

39.83 

41.61 
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Specific  Retentioa  Vblv;..ues  irith  Fraetionated  E-4SM 

The  gas-chromatographic  specific  retention  volumes,  and  van't  Hoff  slopes,  inter¬ 
cepts,  and  least-squares  correlation  coefficients  of  all  probe-solutes  with  each  of  the 
fractions  of  X-25LM  at  30-80®C,  are  presented  in  Tables  34-51. 


Data  Interj^tation 

At  this  point  the  specific  retention  volumes,  v|/cm^  g"^,  and  retention  indices,  I, 
of  a  bank  of  roughly  30  probe-solutes  had  been  determined  with  bulk  and  fractionated 
polybutadiene  and  hydroxy-terminated  polybutadiene  R-4SM,  including  several  well- 
characterized  lots  of  the  latter.  However,  and  while  some  general  trends  could  be 
identified  in  the  data,  no  firm  correlations  had  thus  far  been  drawn  between  the 
retentions  of  the  probe-solutes  and  the  properties  (particularly  the  molecular  weights)  of 
R-45M  stationary  phases. 


We  therefore  evaluated  at  this  point  the  retentions  of  representative  probe-solutes 
as  a  function  of  the  number-average  molecular  weights,  Mjj,  of  the  ARCO  lots  of  R- 
45 M.  In  doing  so,  a  new  technique  was  employed  for  screening  for  compounds  whose 
molar  specific  retention  volumes,  V|*/cm^  mol'^,  reflect  the  stationary  phase  molar 
mass.  Modes  of  regression  *^of  the  conventional-form  specific  retention 
volumes,  Vg/  cm^  g"^,  of  promising  solutes  were  then  regressed  directly  against  M^  as 
well  as  ira  inverse.  Linear  nomographs  resulting  from  the  latter  (least-squares 
correlation  coefficients  r  of  in  excess  of  0.9999)  were  then  used  to  calculate  the  number- 
average  molecular  wei^ts  of  several  fractions  of  R-45M  that  were  obtained  by  solvent 
extraction.  The  considerable  success  of  the  technique,  coupled  with  the  ease  with  which 
it  was  implemented,  indicated  that  inverse  gas  chromatography  can  also  be  applied  to 
other  prepolymer  species  as  well. 


Molar  Specific  Retention  Volumes.  The  vS '  of  the  representative  solutes  n-hexane, 
3-methylhexane,  1-hexene,  cyclohexane,  benzene,  tetrahydrofuran,  l-chloropentane, 
thiophene,  acetone,  chloroform,  and  valeronitrile  with  the  ARCO  lots  of  R-45M  at  30® 
and  S0®C  are  provided  in  Table  52.  A  quick  assessment  of  the  extent  to  which  the  solute 
retentions  refiect  the  stationary  phase  molecular  weight  can  be  made  by  glancing 
through  the  molar  specific  retention  volumes  obtained  with  14LM  (1420  Da)  and  20LM 
(1350  Da):  since  the  molecular  weight  of  20LM  is  less  than  14LM,  the  molar  retentions  of 
the  solutes  should  be  larger  with  the  latter  stationary  phase.  The  data  for  the  first  seven 
solutes.  Table  52.A,  fail  to  exhibit  this  trend,  and  all  of  the  V|'  with  20LM  are  higher 
than  those  with  14LM.  These  compounds  (including,  somewhat  surprisingly,  the  alkanes) 
must  therefore  be  said  to  be  poor  probes  of  the  solvent  molecular  weight.  In  contrast, 
the  last  four  solutes,  Table  52.B,  precisely  refiect  the  Mn  of  the  stationary  phases. 
Moreover,  thiophene  and  valeronitrtte  appear  to  be  particularly  sensitive  toMjjj  for 
example,  the  molar  retentions  of  the  latter  compound  increase  from  2095  to 
5683  cm^  mol"^  as  the  stationary  phase  molecular  weight  rises  from  1040  to  3335  Da. 
The  molar  specific  retention  volume  form  of  data  reduction  thus  provides  a  quick  method 
of  screening  for  solutes  that  are  potentially  useful,  as  well  as  eliminating  those  that  fail 
to  conform,  as  molecular-weight  probes. 


Figures  5-8  present  the  regressions  of  the  molar  specific  retention  volumes  of  the 
solutes  of  Table  S2.B  against  the  number-average  molecular  weights  of  the  ARCO  lots  of 
R-45M,  where  all  appear  to  be  quite  linear.  The  regressions  also  suggest  that  the  solute 
retentions  are  insensitive  to  functionality  differences  in  the  prepolymers  (cf.  Table  1). 
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TABLE  34,  Smoothed  (van’t  Hoff)  Specific  Retention  Volumes  V°/cm^  for  Listed 
Probe  Solutes  at  Indicated  Temperatures  with  Fraction  lA  of  X”25L'^  R-45M 


Vg/cm^  g-1 


30®C 

40®C 

50*C 

60®C 

70®C 

80®C 

n-Pentane 

46.22 

34.15 

25.71 

19.69 

15.31 

12.08 

n-Hexane 

135.2 

94.35 

67.33 

49.02 

36.36 

27.43 

n-Heptane 

388.8 

255.8 

172.8 

119.5 

84.39 

60.81 

n-Octane 

1105. 

686.2 

438.7 

288.2 

194.0 

133.5 

3-Methylpentane 

111.9 

78.91 

56.84 

41.76 

31.23 

23.75 

2,3-Dimethyl~ 

pentane 

277.2 

187.5 

130.0 

92.09 

66.57 

49.02 

3-Methylhexane 

295.5 

197.9 

135.9 

95.41 

68.40 

49.97 

3-Methylheptane 

812.2 

513.7 

334.2 

223.2 

152.6 

106.6 

1-Hexene 

138.5 

96.90 

69.33 

50.61 

37.63 

28.45 

1-Heptene 

392.8 

259.4 

175.8 

121.9 

86.41 

62.44 

1-Octene 

1108. 

691.4 

444.1 

292.9 

197.9 

136.8 

Benzene 

464.1 

313.7 

217.2 

153.7 

111.0 

81.68 

Toluene 

1395. 

887.9 

581.2 

390.3 

268.2 

188.3 

Ethylbenzene 

3364. 

2058. 

1298. 

841.5 

559.5 

380.7 

o-Xylene 

5057. 

3038. 

1884. 

1202. 

787.4 

528.3 

p-Xylene 

3924. 

2372. 

1479. 

948.9 

624.7 

421.1 

Cyclohexane 

315.6 

216.1 

151.5 

108.5 

79.25 

58.92 

Methylcyclo- 

hexane 

565.7 

375.6 

255.7 

178.2 

126.8 

92.01 

Tetrahydrofuran 

502.5 

335.1 

229.1 

160.2 

114.4 

83.30 

Thiophene 

577.3 

387.3 

266.3 

187.3 

134.5 

98.36 

Acetone 

124.8 

89.26 

65.19 

48.52 

36.73 

28.26 

Methyl  Ethyl 
Ketone 

334.6 

226.7 

157.4 

111.7 

80.87 

59.62 

Methyl  Propyl 
Ketone 

819.0 

528.5 

350.5 

238.2 

165.6 

117.5 

Methyl  Butyl 
Ketone 

2299. 

1407. 

887.0 

575.1 

382.4 

260.2 

Aoetylacetone 

2141. 

1345. 

869.5 

577.0 

392.2 

272.5 

Methylene 

Chloride 

134.4 

95.81 

69.78 

51.79 

39.11 

30.01 

Chloroform 

373.3 

251.9 

174.1 

123.1 

88.76 

65.21 

1-Chloropentane 

957.8 

612.9 

403.2 

272.0 

187.7 

132.3 

n-Butyronitrile 

719.0 

473.1 

319.5 

220.9 

156.0 

112.4 

n-Valeronitrlle 

2020. 

1261. 

810.4 

534.9 

361.7 

250.0 

1,2-Dimethoxy- 

ethane 

708.3 

455.4 

300.9 

203.9 

141.3 

99.95 

49 


TABLE  35.  Slopes  m,  Intercepts  b,  and  Linear  Regression  Correlation  Coefficients  r  for 
van’t  Hoff  Plots  of  Ln  V°  of  Listed  Probe-Solutes  of  Table  34  Against  lO^  t"^  with 
Fraction  lA  of  X-25LM  R-IsM 


Probe  Solute 

m 

-b 

r 

n-Pentane 

2.873 

5.643 

0.99975 

n-Hexane 

3.415 

6.360 

0.9998, 

n^Heptane 

3.973 

7.141 

0.9998^ 

0.9998g 

n-Oetane 

4.526 

7.921 

3-Methylpentane 

'3.320 

6.232 

0.9998_ 

2,3-Dimethylpentane 

3.710 

6.612 

0.99981 

0.99981 

3-Methylhexane 

3.805 

6.864 

3-Methylheptane 

4.349 

7.645 

0.99984 

l-Hexene 

3.388 

6.245 

0.99994 

1-Heptene 

3.938 

7.017 

0.99984 

1-Octene 

4.480 

7.768 

0.9998J 

Benzene 

3.720 

6.131 

0.9998. 

Toluene 

4.288 

6.904 

0.9998J 

0.g999n 

0.99995 

Ethylbenzene 

4.665 

7.268 

o-Xylene 

4.837 

7.427 

p-Xylene 

4.779 

7.489 

0.99975 

Cyclohexane 

3.594 

6.100 

0.9998g 

Methylcyclohexane 

3.889 

6.489 

0.9998g 

Tetrahydrofuran 

3.848 

6.474 

0.9998g 

Thiophene 

3.789 

6.142 

0.9998g 

Acetone 

3.180 

5.664 

0.9997, 

Methyl  Ethyl  Ketone 

3.693 

6.369 

0.9999: 

Methyl  Propyl  Ketone 

4.158 

7.007 

0.9999g 

0.99995 

Methyl  Butyl  Ketone 

4.665 

7.648 

Acetylacetone 

4.414 

6.891 

0.9999.^ 

Methylene  Chloride 

3.209 

5.686 

0.999S» 

0.9998: 

Chloroform 

3.736 

6.401 

1-Chloropentane 

4.238 

7.114 

0.99985 

n-Butyronitrile 

3.974 

6.530 

0.9999. 

n-Valeronitrile 

4.473 

7.144 

0.9999g 

1,2-Dlmethoxyethane 

4.193 

7.268 

0.9999^ 

SO 


TABLE  36»  Replicate  Smoothed  (van’t  Hoff)  Specific  Reteation  Volumes  V°/cm^  for 
Listed  Probe  Solutes  at  Indicated  Temperatures  with  Fraction  IB  of  X-25LWR-45M 


V°/cm3 

30®C 

40*C 

50®C 

60®C 

70*C 

80®C 

n-Pentane 

47.12 

34.78 

26.16 

20.01 

15.55 

12.26 

n-Hexane 

138.5 

96.57 

68.86 

50.11 

37.15 

28.01 

n-Heptane 

398.7 

262.5 

177.4 

122.7 

86.71 

62.50 

n-Octane 

1131. 

703.5 

450.7 

296.5 

199.9 

137.8 

3-Methylpentane 

113.0 

80.13 

58.03 

42.85 

32.20 

24.60 

2,3-Dimethyl- 

pentane 

282.3 

191.1 

132.6 

94.02 

68.02 

50.12 

3-Methylhexane 

300.6 

201.6 

138.5 

97.35 

69.85 

51.06 

3-Methylheptane 

825.4 

523,3 

341.2 

228.3 

156.4 

109.4 

1-Hexene 

140.9 

98.12 

69.87 

50.78 

37.60 

28.32 

1-Heptene 

400.7 

264.9 

179.7 

124.8 

88.49 

63.99 

1-Oetene 

1134. 

707.6 

454.7 

300.1 

202.9 

140.3 

Benzene 

466.7 

315.5 

218.6 

154.8 

111.8 

82.28 

Toluene 

1409. 

896.9 

587.2 

394.4 

271.1 

190.3 

Ethylbenzene 

3408. 

2084. 

1314. 

851.6 

566.1 

385.1 

o-Xylene 

5124. 

3078. 

1908. 

1217. 

797.1 

534.7 

p-Xylene 

3976. 

2401. 

1496, 

958.8 

630.7 

424.8 

Cyclohexane 

321.4 

220.3 

154.6 

110.8 

80.95 

60.22 

Methylcyclo- 

hexane 

577.8 

384.1 . 

261.9 

182.7 

130.2 

94.54 

Tetrahydrofuran 

480.6 

321.8 

220.8 

155.0 

111.1 

81.12 

Thiophene 

580.3 

389.0 

267.2 

187.8 

134.7 

98.47 

Acetone 

120.4 

85.83 

62.46 

46.33 

34.97 

26.82 

Methyl  Ethyl 
Ketone 

322.1 

218.1 

151.3 

107.2 

77,57 

57.15 

Methyl  Propyl 
Ketone 

792.7 

511.0 

338.5 

229.8 

159.6 

113.1 

Methyl  Butyl 
Ketone 

2213. 

1357. 

858.1 

557.6 

371.5 

253.3 

Acetylacetone 

2115. 

1318. 

845.6 

557.1 

376.1 

259.6 

Methylene 

Chloride 

134.4 

95.37 

69.15 

Sl.ll 

38.45 

29.40 

Chloroform 

373,5 

251.0 

172.9 

121.8 

87.53 

64.11 

1-Chloropentane 

965.7 

617.1 

405.4 

273.1 

188.3 

132.6 

n-ButyronItrllc 

699.4 

457.2 

306.8 

210.9 

148.2 

106.2 

n-Valeronitrile 

1971. 

1222. 

780.5 

512.0 

344.3 

236.8 

1,2-Dimethoxy- 

ethane 

685.6 

439.9 

290.1 

196.2 

135.7 

95.87 

SI 


TABLE  37.  Slopes  m,  Intercepts  b,  and  Linear  Regression  Correlation  Coefficients  r  for 
van't  Hoff  Plots  of  Ln  V2  of  Listed  Probe-Solutes  of  Table  36  Against  10^  with 
Fraction  IB  of  X-25LM  r45M 


Probe  Solute 

m 

-b 

r 

n-Pentane 

2.882 

5.657 

0.9998,. 

n-Hexane 

3.422 

6.358 

0.9998: 

n-Heptane 

3.968 

7.101 

0.9998: 

n-Octane 

4.506 

7.834 

0.9998g 

3-Methylpentane 

3.266 

6.044 

0.9998- 

2,3-Dimethylpentane 

3.701 

6.566 

0.9998a 

0.9999? 

3-Methylhexane 

3.796 

6.816 

3-Methylheptane 

4.327 

7.556 

0.99992 

1-Hexene 

3.436 

6.386 

0.9999^ 

1-Heptene 

3.928 

6.964 

0.g998o 

1-Octene 

4.475 

7.727 

0.99984 

Benzene 

3.716 

6.113 

0.9998q 

Toluene 

4.286 

6.887 

0.9999: 

Ethylbenzene 

4.668 

7.285 

0.9999; 

o-Xylene 

4.839 

7.421 

0.9999g 

p-Xylene 

4.788 

7.508 

0.9999g 

Cyclohexane 

3.586 

6.056 

0.9999g 

Methylcyclohexane 

3.876 

6.426 

0.99993 

Tetrahydrofuran 

3.810 

6.391 

0.9999. 

Thiophene 

3.798 

6.165 

0.99995 

Acetone 

3.216 

5.816 

0.9999g 

Methyl  Ethyl  Ketone 

3.702 

6.437 

0.99997 

Methyl  Propyl  Ketone 

4.169 

7.076 

0.9999' 

0.09995 

Methyl  Butyl  Ketone 

4.641 

7.607 

Acetylacetune 

4.492 

7.160 

0.9999g 

Methylene  Chloride 

3.254 

5.833 

,  0.9999. 

Chloroform 

3.773 

6.523 

0,99995 

1-Chloropentane 

4.252 

7.153 

0.99995 

n-Butyronltrile 

4.036 

6.762 

0.9999g 

0.9999g 

n-Valeronitrlle 

4,537 

7.380 

1,2-Dimethoxy- 

ethane 

4.212 

7.365 

0.99994 

S2 


TABLE  38*  Smoothed  (van’t  Hoff)  Specific  Retention  Volumes  V°/cm^  for  Listed 
Probe  Solutes  at  Indicated  Temperatures  with  Fraction  2A  of  X-25Li&  R-45M 


Vg/cm^ 

30*C 

40'*C 

50®C 

OO^C 

70*C 

80®C 

n-Pentane 

45.83 

34.08 

25.81 

19.88 

15.54 

12.32 

n-Hexane 

135.9 

95.13 

68.09 

49,72 

36.98 

27.97 

n-Heptane 

391.3 

258.7 

175.6 

121.9 

86.42 

62.50 

n-Octane 

1113. 

695.1 

447.2 

295.4 

199.9 

138.3 

3-Methylpentane 

110.1 

78.56 

57.22 

42.48 

32.09 

24,63 

2,3-Dim  ethyl- 
pentane 

276.8 

188.1 

130.9 

93.07 

67.51 

49.87 

3-Methylhexane 

294.9 

198.7  ' 

137.2 

96.82 

69.75 

51.19 

3-Methylheptane 

812.4 

517.5 

339.0 

227.7 

156.6 

110.0 

1-Hexene 

136.8 

95.80 

68.58 

50.09 

37.27 

28.19 

1-Heptene 

392.6 

260.4 

177.2 

123.4 

87.72 

63.60 

1-Octene 

1112. 

696.5 

449.0 

297.2 

201.6 

139.7 

Benzene 

457.4 

308.9 

213.8 

151.2 

109.2 

80.26 

Toluene 

1383. 

880.3 

576.3 

387.0 

266.0 

186.7 

Ethylbenzene 

3345. 

2047. 

1291. 

837.3 

556.8 

379.0 

o-Xylene 

4985. 

3005. 

1869. 

1196. 

785.3 

528.2 

p-Xylene 

3787. 

2309. 

1452. 

938.6 

622.4 

422.4 

Cyclohexane 

315.7 

217.0 

152.7 

109.8 

80.43 

59.97 

Methylcyolo- 

hexane 

566.0 

377.8 

258.5 

181.0 

129.3 

.94.23 

Tetrahydrofuran 

451.0 

300.4 

205.2 

143.4 

102.4 

74.47 

Thiophene 

570.7 

381.7 

261,7 

183.6 

131.5 

95.92 

Acetone 

114.2 

80.45 

57.90 

42.50 

31.76 

24.13 

Methyl  Ethyl 
Ketone 

303.2 

203.3 

139.8 

98.26 

70.52 

51.57 

Methyl  Propyl 
Ketone 

742.3 

475.0 

312.5 

210.8 

145.5 

102.6 

Methyl  Butyl 
Ketone 

2078. 

1263. 

791.7 

510.4 

337.5 

228,5 

Acetylaoetone 

1961. 

1222. 

784.6 

517.2 

349.3 

241.2 

Methylene 

Chloride 

130.7 

92.50 

66.90 

49.33 

37.03 

28.25 

Chloroform 

364.1 

243.9 

167,4 

117.6 

84.26 

61.55 

l-Chloropentanc 

949.9 

606.6 

398.3 

268.2 

184.9 

130.1 

n-ButyronItrlle 

659.1 

427.1 

284.2 

193,9 

135.2 

96.24 

n-Valeronitrile 

1857. 

1142. 

723.7 

471.3 

314.7 

215.0 

l,2-0imethoxy- 

etiiane 

623,2 

399.2 

262.9 

177.5 

122.6 

86.53 

S3 


TABLE  39.  Slopes  m,  Intercepts  b,  and  Linear  Regression  Correlation  Coefficients  r  for 
van’t  Hoff  Plots  of  Ln  V°  of  Listed  Probe-Solutes  of  Table  38  Against  10^  with 
Fraction  2A  of  X-2SLM  R-IsM 


Probe  Solute 

m 

-b 

r 

n-Pentane 

2.812 

5.452 

0.9995n 

n-Hexane 

3.384 

6.252 

0.9996” 

n-Heptane 

3.927 

6.986 

0.9996q 

0.9997g 

UrOctane 

4.464 

7.711 

3-Methylpentane 

3.207 

5.878 

0.9996, 

2,3-Dimethylpentane 

3.670 

6.483 

0.9995e 

3-Methylhexane 

3.749 

6.681 

0.9996: 

0.9997J 

3-Methylheptane 

4.281 

7.423 

1-Hexene 

3.382 

6.237 

0.999Sj 

1-Heptene 

3.897 

6.883 

0.9997- 

1-Octene 

4.441 

7.673 

O.9997J 

Benzene 

3.726 

6.166 

0.9998q 

Toluene 

4.287 

6.909 

0.9998q 

Ethylbenzene 

4.663 

7.267 

0.9999r 

o-Xylene 

4.806 

7.341 

0.99999 

p-Xylene 

4.697 

7.253 

0.9999g 

Cyclohexane 

3,556 

5.975 

0.9997, 

Methylcyclohexane 

3.839 

6.325 

0.99977 

Tetrahydrofuran 

3.856 

6.610 

0.9999- 

Thiophene 

3.818 

6.248 

0.99983 

Acetone 

3.329 

6.244 

0.9997q 

Methyl  Ethyl  Ketone 

3.793 

6.798 

0.9999ft 

0,9999g 

0.99995 

Methyl  Propyl  Ketone 

4.238 

7.369 

Methyl  Butyl  Ketone 

4.727 

7.953 

Acetytacetone 

4.487 

7.219 

0.99997 

Methylene  Chloride 

3.279 

5.944 

0.9996- 

0.99983 

0.99980 

Chloroform 

3.808 

6.658 

l-Chloropentane 

4.257 

7.185 

n-Butyronitrile 

4.120 

7,098 

0.9999. 

n-Valeronitrile 

4.617 

7.702 

0.9999g 

1,2-Dimethoxy- 

ethane 

4.228 

7.510 

0.9997 

54 


TABLE  40.  Replicate  Smoothed  (van’t  Hoff)  Specific  Retention  Volumes  V°/cm^  for 
Listed  Probe  Solutes  at  Indicated  Temperatures  with  Fraction  2B  of  X-25L1W  R-45M 


V°/cm2 

30®C 

40®C 

50®C 

eo^c 

70®C 

80'*C 

n-Pentane 

45.45 

33.84 

25.67 

19.79 

15.49 

12.30 

nrHexane 

134.9 

94.62 

67.86 

49.65 

37.00 

28.03 

n-Heptane 

390.2 

258.3 

175.4 

121.9 

86.54 

62.64 

n-Octane 

1113. 

695.5 

447.5 

295.7 

200.1 

138.5 

3-Methylpentane 

109.5 

78.13 

56.92 

42.26 

31.93 

24.51 

2,3-Dimethyl- 

pentane 

274.4 

187.1 

130.7 

93.25 

67.86 

50.28 

3-Methylhexane 

292.1 

197.3 

136.6 

96.62 

69.76 

51.31 

3-Methylheptane 

807.3 

515.2 

338.1 

227.6 

156.7 

110.3 

1-Hexene 

136.8 

95.93 

68.75 

50.27 

37.43 

28.34 

1-Heptene 

391.5 

259.9 

176.9 

123.3 

87.70 

63.62 

1-Octene 

1109. 

695.4 

448.9 

297.5 

201.9 

140.1 

Benzene 

458.4 

309.5 

214.1 

151.4 

109.3 

80.32 

Toluene 

1386. 

881.7 

576.9 

387.2 

286.0 

186.7 

Ethylbenzene 

3408. 

2074. 

1301. 

839.8 

556.0 

376.8 

o-Xylene 

5074. 

3045. 

1886. 

1202. 

786.6 

527.3 

p-Xylene 

3867. 

2346. 

1468. 

944.8 

623.9 

421.8 

Cyclohexane 

314.4 

216.8 

152,9 

110.2 

80.88 

60.44 

Methylcyclo- 

hexane 

564.9 

377.7 

258.9 

181.5 

129,9  • 

94.78 

Tetrahydrofuran 

435.9 

290.4 

198.4 

138.7 

99.03 

72.05 

Thiophene 

573.2 

383.0 

262.4 

183.9 

131.5 

95.90 

Acetone 

109.0 

76.81 

55.31 

40.62 

30.38 

23.09 

Methyl  Ethyl 
Ketone 

293.3 

196.8 

135.4 

95.20 

68.35 

50.00 

Methyl  Propyl 
Ketone 

719.5 

460.6 

303.1 

204.6 

141,3 

99,60 

Methyl  Butyl 
Ketone 

2032. 

1233. 

771.3 

496.8 

328.2 

221.9 

Acetylacetone 

1969. 

1217. 

775.1 

507.1 

340.0 

233.2 

Methylene 

Chloride 

131.8 

93.10 

67.17 

49.42 

37.02 

28.19 

Chloroform 

364.8 

244.4 

167.8 

117.9 

84.52 

61.75 

1-Ohloropentane 

947.2 

606.2 

398.8 

269.1 

185.8 

130.9 

n-Butyronitrile 

647.3 

418.6 

278.2 

189.4 

131,9 

93.75 

n-Valeronitrile 

1841. 

1127. 

711.1 

461.2 

306.8 

208.9 

1,2-Dim  ethoxy- 

ethane 

598.7 

384.0 

253.2 

171.2 

118.4 

83.60 

55 


TABLE  41.  Slopes  m,  Intercepts  b,  and  Linear  Regression  Correlation  Coefficients  r  for 
van*t  Hoff  Plots  of  Ln  V°  of  Listed  Probe-Solutes  of  Table  40  Against  10^  with 
Fraction  2B  of  X-25LM  R-^SM 


Probe  Solute 

m 

-b 

r 

n-Pentane 

2.799 

5.415 

0.9996g 

0.9997^ 

n-Hexane 

3.363 

6.191 

n-Heptane 

3.917 

6.954 

0.9997: 

n-Octane 

4.462 

7.705 

0.9998o 

3-Methylpentane 

3.205 

5.878 

0.99984 

2,3-Dimethylpentane 

3.633 

6.370 

0.9998; 

3-Methylhexane 

3.724 

6.607 

0.9993g 

0.99982 

3-Methylheptane 

4.263 

7.367 

1-Hexene 

3.371 

6.202 

0.9997g 

0.9997^ 

1-Heptene 

3.891 

6.865 

1-Octene 

4.429 

7.601 

0.9998J 

Benzene 

3.729 

6.173 

0.9999, 

Toluene 

4.292 

6,924 

0.9999^ 

Ethylbenzene 

4.715 

7.420 

0.9998, 

o-Xylene 

4.848 

7,460 

0.99994 

p-Xylene 

4.744 

7.390 

O.9999J 

Cyclohexane 

3.513 

5,897 

0.9998, 

Methyleyelohexane 

3.822 

6.271 

0,99982 

Tetrahydrofuran 

3.854 

6.636 

0.99992 

Thiophene 

3.828 

6.277 

0.9999g 

Acetone 

3.323 

6.269 

0.9998, 

0.9999a 

0.99995 

Methyl  Ethyl  Ketone 

3.788 

6,814 

Methyl  Propyl  Ketone 

4.234 

7.387 

Methyl  Butyl  Ketone 

4.742 

8.025 

0.99995 

Acetylaoetone 

4.568 

7.483 

0.99999 

Methylene  Chloride 

3.303 

6.0X5 

0.9999c 

Chloroform 

3.863 

6,647 

0.9998q 

l-Chioropentane 

4.237 

7,122 

0.99989 

n-Sutyponitrlle 

4.197 

7,174 

0.9999^ 

n-Vaieronitrile 

4.680 

7.854 

0,99993 

l,2-r)lmethoxy‘' 

ethane 

4.21S 

7,509 

0.9999g 

56 


TABLE  42.  Smoothed  (van’t  Hoff)  Specific  Retention  Volumes  V°/cm^  for  Listed 
Probe  Solutes  at  Indicated  Temperatures  with  Fraction  3A  of  X-25lSi  R-45M 


V°/cm^ 

30‘’C 

40'’C 

50"C 

oo^c 

70‘’C 

.  80®C 

n-Pentane 

47.09 

34.94 

26.41 

20.31 

15.85 

12.55 

n-Hexane 

139.3 

97.50 

69.75 

50.92 

37.85 

28.62 

n-Heptane 

405.0 

267.3 

181.0 

125.5 

88.86 

64.17 

n-Octane 

1157. 

721.2 

462.9 

305.1 

206.0 

142.3 

3-Methylpentane 
2,3-Dim  ethyl- 

114.1 

80.97 

58.69 

43.37 

32.62 

24.93 

pentane 

285.4 

193.8 

134.8 

95.83 

69.49 

51.32 

3-Methylhexane 

304.6 

205.0 

141.4 

99.68 

71.73 

52.59 

3-Methylheptane 

844.4 

536.8 

350.9 

235.3 

161.5 

113.3 

1-Hexene 

140.5 

98.27 

70.28 

51.28 

38.11 

28,81 

1-Heptene 

404.0 

267.2 

181.4 

126.0 

89.38 

64.67 

1-Octene 

1148. 

717.1 

461.3 

304.7 

206.2 

142.7 

Benzene 

456.4 

308.1 

213.1 

150.7 

108.7 

79.89 

Toluene 

1389. 

883.2 

577.5 

387.3 

265.9 

186.5 

Ethylbenzene 

3312. 

2034. 

1287. 

837,1 

558.3 

381.0 

o-Xylene 

5037. 

3026. 

1877. 

1197. 

784.3 

526.2 

p-Xylene 

3814. 

2322, 

1458. 

941.0 

623.2 

422.4 

Cyclohexane 

Methylcyclo- 

323.7 

222.5 

156.5 

112.5 

82.37 

61.41 

hexane 

583.3 

388.9 

265.9 

186.0 

132.9 

96.71 

Tetrahydrofuran 

423.3 

282.4 

193,2 

135.2 

96.59 

70.35 

Thiophene 

564.4 

377.5 

258.8 

181.5 

129.9 

94.82 

Acetone 

Methyl  Ethyl 

101.5 

72.03 

52.20 

38.56 

29.00 

22.16 

Ketone 

Methyl  Propyl 

274.4 

184.9 

127.7 

90.16 

64.97 

47,69 

Ketone 

Methyl  Butyl 

681.3 

437.1 

288.3 

194.9 

134.8 

95.23 

Ketone 

1912. 

1164. 

730.2 

471.2 

312.0 

211.4 

Acetylacetone 

1837. 

1149. 

732.7 

479.9 

322.2 

221.2 

Methylene 

Chloride 

127,9 

90.11 

64.89 

47.66 

35.64 

27.10 

Chloroform 

351.4 

235.6 

161.9 

113.7 

81.59 

59,64 

l-Chloropentane 

949.7 

606.5 

398.3 

268.2 

184.9 

130.1 

n-Butyronitrile 

S97.4 

386.6 

257.0 

175.1 

122.0 

86.73 

n-Valeronitrile 

1712. 

1046. 

659.5 

427.3 

284.0 

193.1 

1,2-Dim  ethoxy-  • 

ethane 

572.8 

368.7 

243.9 

165.4 

114.8 

81.27 
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TABLE  43.  Slopes  m,  Intercepts  b,  and  Linear  Regression  Correlation  Coefficients  r  for 
van't  Hoff  Plots  of  Ln  V°  of  Listed  Probe-Solutes  of  Table  42  Against  10^  T"1  with 
Fraction  3A  of  X-25LM  R-IsM 


Probe  Solute 

m 

-b 

r 

n-Pentane 

2.832 

5.489 

0.99955 

n-Hexane 

3.389 

6.242 

0.9995q 

n-Heptane 

3.944 

7.008 

0.9996!? 

n-Octane 

4.488 

7.750 

0.99963 

3-Methylpentane 

3.257 

6.005 

0.9996g 

0.9996a 

2,3-Dimethylpentane 

3.674 

6.464 

3-Methylhexane 

3.761 

6.687 

0.9995g 

0.9996^ 

3-Methylheptane 

4.301 

7.449 

1-Hexene 

3.393 

6.247 

0.99965 

1-Hep  tene 

3.923 

6.939 

0.9995a 

1-Octene 

4.464 

7,680 

0.9996^ 

6 

Benzene 

3.731 

6.186 

0.9998a 

Toluene 

4.300 

6.947 

0.9998X 

Ethylbenzene 

4.630 

7.168 

0.9998:; 

o-Xylene 

4.837 

7.430 

0.99991 

p-Xylene 

4.711 

7.295 

0.99992 

Cyclohexane 

3.559 

5.961 

0.9996- 

0.99965 

Methylcyclohexane 

3.847 

6.323 

Tetrahydrofuran 

3.843 

6.628 

0.99995 

Thiophene 

3.820 

6.264 

O.999S7 

Acetone 

3.259 

6.130 

0.9998a 

Methyl  Ethyl  Ketone 

3.746 

6.743 

0.9998a 

Methyl  Propyl  Ketone 

4.213 

7.374 

0.9998“ 

Methyl  Butyl  Ketone 

4.71  S 

7.996 

0.99992 

Acetylacetone 

4.S56 

7.501 

0.9998,^ 

Methylene  Chloride 

3.322 

6.108 

0,9999- 

Chloroform 

3.798 

6.666 

0.9999; 

1-Chloropentane 

4.256 

7.183 

0.9998g 

n-Butyronitrile 

4.132 

7.238 

0.9998a 

O.9999J 

n-Valeronitrile 

4.672 

7.965 

1,2-Dimethoxy- 

ethane 

4.181 

7.442 

0.9998g 
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TABLE  44,  Smoothed  (van't  Hoff)  Specific  Retention  Volumes  V°/cm^  for  Listed 
Probe  Solutes  at  Indicated  Temperatures  with  Fraction  3B  of  X-25L^  R-45M 


V°/cm^ 

30®C 

40®C 

50®C 

60"C 

70"C 

80®C 

n-Pentane 

50.96 

37.42 

28.01 

21.34 

16.51 

12.96 

n-Hexane 

151.3 

104.7 

74.21 

53.68 

39.56 

29.67 

n-Heptane 

438.3 

286.5 

192.2 

132.1 

92.81 

66.51 

n-Octane 

1255. 

773.6 

491.5 

320.8 

214.7 

147.0 

3-Methylpentane 

122.8 

86.55 

62.35 

45.81 

34.27 

26.06 

2,3-Dimethyl- 

pentane 

303.2 

205.0 

142.0 

100.6 

72.65 

53.46 

3-Methylhexane 

330.1 

219.7 

150.0 

104.7 

74.68 

54.28 

3-Methylheptane 

917.8 

576.4 

372.6 

247.2 

168.0 

116.7 

1-Hexene 

150.1 

104.3 

74.10 

53.75 

39.72 

29.86 

1-Heptene 

434.1 

284.5 

191.4 

131.8 

92.81 

66.66 

1-Octene 

1232. 

762.8 

486.5 

318.8 

214.1 

147.1 

Benzene 

470.7 

316.9 

218.6 

154.2 

111.0 

81.43 

Toluene 

1439. 

911.0 

593.0 

396.2 

270.9 

189.3 

Ethylbenzene 

3486. 

2121. 

1331. 

858.9 

568.5 

385.2 

o-Xylene 

4102. 

2460. 

1523, 

970.2 

634.6 

425.1 

p~Xylene 

5329. 

3169. 

1946. 

1231. 

799.2 

531.9 

Cyclohexane 

348.S 

237.3 

165.5 

117.9 

85.73 

63.45 

Methylcyclo- 

hexane 

633.5 

417.1 

281.9 

195.0 

137.8 

99.36 

Tetrahydrofuran 

417.0 

278.3 

190.5 

133.4 

95.33 

69.46 

Thiophene 

574.6 

383.7 

262.8 

184.1 

131.6 

95.96 

Acetone 

101.8 

72.13 

52.20 

38.52 

28.94 

22.09 

Methyl  Ethyl 
Ketone 

273.4 

183.8 

126.6 

89.20 

64.14 

46.99 

Methyl  Propyl 
Ketone 

675.3 

432.9 

285.2 

192.7 

133.2 

93.99 

Methyl  Butyl 
Ketone 

1905. 

1156. 

723.9 

466.1 

308.1 

208.3 

Acetylacetone 

1917. 

1190. 

760.7 

499.6 

336.3 

231.5 

Methylene 

Chloride 

125.9 

89.51 

65.00 

48,12 

36,25 

27,75 

Chloroform 

347.4 

234.0 

161.5 

114.0 

82.12 

80.26 

1-Chloropentane 

986.0 

627.0 

410.0 

275.1 

188.9 

132.5 

n-Butyronitrile 

557.6 

365.0 

245.3 

168,8 

118.8 

85,22 

n-Valeronitrile 

1593. 

986.6 

629.3 

412.4 

S77.0 

190.3 
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TABLE  45.  Slopes  m,  Intercepts  b,  and  Linear  Regression  Correlation  Coefficients  r  for 
van't  Hoff  Plots  of  Ln  V|  of  Listed  Probe-Solutes  of  Table  44  Against  10^  T"^  with 
Fraction  3B  of  X-25LM  R-IsM 


Probe  Solute 


n-Pentane 

n-Hexane 

n-Heptane 

n-Octane 


2.931 

5.737 

0.9997 

3.488 

6.485 

0.9998 

4.037 

7.234 

0.9998 

4.591 

8.010 

0.9999 

3-Methylpentane 

3.319 

6.137 

).9998 

2,3-Dimethylpentane 

3.716 

6.544 

J.S999 

3-Methylhexane 

3.865 

6.951 

0.9999 

3-Methylheptane 

4.416 

7.745 

0.9999 

1-Hexene 

3.457 

6.393 

0.9998 

1-Heptene 

4.012 

7.160 

0.9998 

l-Octene 

4.551 

7.896 

0.9999 

Benzene 

3.756 

6.237 

0.9999 

Toluene 

4.343 

7.056 

0.9999 

Ethylbenzene 

4.716 

7.401 

0.9999 

o-Xylene 

4.853 

7.691 

0.9999 

p-Xylene 

4.934 

7.696 

0.9999 

Cyclohexane 

3.648 

6.179 

0.9999 

Methylcyclohexane 

3.966 

6.633 

0.9998 

Tetrahydrofuran 

Thiophene 


3.838  6.626  0.9999 

3.832  6.287  0.9999 


Acetone 

3.271 

6.168 

Methyl  Ethyl  Ketone 

3.771 

6.828 

Methyl  Propyl  Ketone 

4.222 

7.413 

Methyl  Butyl  Ketone 

4.739 

8.079 

0.9999 

0.9999 

0.9999 

0.9999 


Acetylaoetone 


4.526  7.373  0.9998q 


Methylene  Chloride 

Chloroform 

1-Chloropentane 


3.238  S.845 

3.751  6.523 

4.298  7.284 


0.9999o 

0.9999° 

0.99997 


n-Butyronitrile 

n-Valeronitrile 


4.022  6.943  0.9999g 

4.550  7.637  0.9999g 


(O  to  at  cnco  CO  to  (O  at  at  t-'oo-a  oscocooi  ococn 


TABLE  46.  Replicate  Smoothed  (van*t  Hoff)  Specific  Retention  Volumes  V°/cm^  for 
Listed  Probe  Solutes  at  Indicated  Temperatures  with  Fraction  4A  of  X-25Lr?  R-45M 


yo/cm^ 

30*C 

40‘*C 

SO^C 

OO’C 

70'’C 

80®C 

n-Pentane 

49.22 

36.42 

27.46 

21.06 

16.40 

12.96 

n-Hexane 

146.2 

101.8 

72.55 

52.75 

39,07 

29.44 

n-Heptane 

422.0 

277.5 

187.2 

129.3 

91.31 

65.74 

n-Octane 

1204. 

748.2 

478.9 

314.9 

212.2 

146.2 

3“Methylpentane 

118.9 

84.17 

60.86 

44.87 

33.67 

25.68 

2,3-Dimethyl- 

pentane 

298.6 

202.0 

140.0 

99.18 

71.69 

52.79 

3-Methylhexane 

318.3 

213.2 

146.4 

102.9 

73.76 

53.90 

3-Methylheptane 

880.7 

557.5 

363.1 

242.6 

166.0 

116.0 

1-Hexene 

145.7 

101,6 

72.49 

52.77 

39.13 

29.51 

1-Heptene 

419.6 

276.8 

187.3 

129.8 

91.84 

66.29 

1-Octene 

1194. 

743.1 

476.3 

313.6 

211.5 

145.9 

Benzene 

466.7 

314.3 

216.9 

153.1 

110.3 

80.90 

Toluene 

1420. 

900.3 

587.4 

393.1 

269.4 

188.6 

Ethylbenzene 

3446. 

2101. 

1320. 

853.3 

565.7 

383.8 

o-Xylene 

5259. 

3136. 

1931. 

1224. 

796,9 

531.5 

p-Xylene 

3997. 

2413. 

1503. 

962.7 

633.1 

426.3 

Cyclohexane 

338.6 

231.9 

162.6 

116.4 

85.04 

63.22 

Methylcyclo- 

hexane 

609.0 

404.6 

275.8 

192.3 

137.0 

99.44 

Tetrahydrofuran 

414,9 

275.4 

187.5 

130.6 

92.95 

67.43 

Thiophene 

577.  J 

385.3 

263.5 

184.3 

131.6 

95.83 

Acetone 

97.35 

69.13 

50.14 

37.08 

27.90 

21.34 

Methyl  Ethyl 
Ketone 

264.*^ 

178.0 

122.9 

86.73 

62.47 

45.84 

Methyl  Propyl 
Ketone 

658.4 

421.5 

277.4 

187.2 

129.2 

91.12 

Methyl  Butyl 
Ketone 

1856. 

1126. 

704.5 

453.4 

299.4 

202.4 

Acetylaoetone 

1806. 

1119. 

714.2 

468.3 

314.7 

216.3 

Methylene 

Chloride 

128.1 

90.52 

65.34 

48.10 

36.05 

27.46 

Chloroform 

353.3 

236.8 

162.7 

114.3 

81.98 

59.92 

1-Ghloropentanc 

976.8 

621.4 

406.5 

272.8 

187.4 

131.5 

n-Butyronltrile 

601.8 

383.8 

251.7 

169.3 

116.5 

81.90 

n-Valeronitrlle 

1629. 

998.4 

630.7 

409.6 

272.8 

185,9 

1,2-Dim  ethoxy- 

ethane 

547.2 

350.7 

231.0 

156.0 

107.8 

76.11 
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TABLE  47.  Slopes  m,  Intercepts  b,  and  Linear  Regression  Correlation  Coefficients  r  for 
van’t  Hoff  Plots  of  Ln  v2  of  Listed  Probe-Solutes  of  Table  46  Against  10^  TT^  with 
Fraction  4A  of  X-25LM  R-^SM 


Probe  Solute 

m 

-b 

r 

n-Pentane 

2.857 

5.530 

0.9996g 

0.9997p 

0.9997: 

n-Hexane 

3.431 

6.333 

n-Heptane 

3.981 

7.087 

n-Octane 

4.514 

7.799 

0.99984 

3-Methylpentane 

3.28? 

6.047 

0.9997g 

2,3-Dimethylpentane 

3.710 

6.540 

0.9997q 

3-Methylhexane 

3.802 

6.779 

0.99984 

3-Methylheptane 

4.340 

7.537 

0.99984 

1-Hexene 

3.419 

6.296 

0.9998, 

1-Heptene 

3.951 

6.994 

0.9998. 

1-Octene 

4.500 

7.760 

0,99982 

Benzene 

3.752 

6.232 

0.9998p 

0.9999° 

Toluene 

4.322 

7.000 

Ethylbenzene 

4.700 

7.357 

0.9999: 

o-Xylene 

4.907 

7.620 

0.9999: 

p-Xylene 

4.792 

7.515 

0.9999g 

Cyclohexane 

3.593 

6.028 

0.99982 

Methylcyclohexane 

3.880 

6.388 

0.99982 

Tetrahydrofuran 

3.890 

6.805 

0.9999n 

Thiophene 

3.847 

6.331 

0.99992 

Acetone 

3.250 

6.142 

0.9999j 

0.9999r 

Methyl  Ethyl  Ketone 

3.752 

6.798 

Methyl  Propyl  Ketone 

4.234 

7.478 

0.9999: 

0.99989 

Methyl  Butyl  Ketone 

4.745 

8.125 

Aoetylacetone 

4.543 

7.488 

0.9999q 

Methylene  Chloride 

3.298 

6.025 

0.9999. 

Chloroform 

3.799 

6.665 

0.9999: 

1-Chloropentane 

4.294 

7.280 

0.99992 

n-Butyronltrlle 

4.270 

7.686 

0.9990g 

0.9999g 

n-Vaieronitrlle 

4.648 

7.936 

1,2-Dlmethoxy- 

ethane 

4.224 

7.628 

0.99985 

TABLE  48.  Smoothed  (van't  Hoff)  Specific  Retention  Volumes  V^/cm^  g"l  for  Listed 
Probe  Solutes  at  Indicated  Temperatures  with  Fraction  4A  of  X-25lJ&  R-45M 


30®C 

40®C 

n-Pentane 

46.65 

34.68 

n-Hexane 

138.7 

97.04 

n-Heptane 

400.2 

264.4 

n-Octane 

1142. 

712.7 

3-Methylpentane 

114.1 

80.75 

2,3-Dimethyl- 

pentane 

283.9 

192.6 

3-Methylhexane 

303.1 

203.7 

3-Methylheptane 

838.4 

532.6 

1-Hexene 

138.3 

97.03 

1-Heptene 

398.5 

263.9 

1-Octene 

1128. 

706.2 

Benzene 

454.4 

306.1 

Toluene 

1379. 

875.5 

Ethylbenzene 

3363. 

2047. 

o-Xylene 

5069. 

3029. 

p-Xylene 

3866. 

2335. 

Cyclohexane 

324.6 

222.6 

Methylcyclo- 

hexane 

581.2 

387.2 

Tetrahydrofuran 

401.7 

266.9 

Thiophene. 

563.6 

375.6 

Acetone 

99.50 

69.88 

Methyl  Ethyl 

Ketone 

264.6 

177.2 

Methyl  Propyl 
Ketone 

654.8 

417.1 

Methyl  Butyl 
Ketone 

1848. 

Ills. 

Acetylacetone 

1792. 

1102. 

Methylene 

Chloride 

126.6 

89.27 

Chloroform 

349.4 

233.4 

l-Chloropentane 

944.6 

601.2 

n-Butyronitrile 

573.9 

369.8 

n-Valeronltrlle 

1643. 

1001. 

1,2-Dimethoxy- 

othane 

534.5 

342.4 

V°/cm3 

50**C  60”C  70”C  SO^C 


26.26 

69.42 

179.3 

458.0 

20.22 

50.67 

124.4 

302.2 

15.81 

37.67 

88.21 

204.3 

12.53 

28.48 

63.76 

141.2 

58.38 

43.04 

32.29 

24.63 

133.8 

140.3 

348.0 

95.06 

98.79 

233.2 

68.87 

71.02 

160.0 

50.82 

52.01 

112.1 

69.57 

179.3 

455.0 

50.89 

124.7 

301.0 

37.92 

88.56 

204.0 

28.71 

64.12 

141.3 

211.3 

571.7 

1285. 

1869. 

1455. 

149.2 

383.0 

829.4 
1187. 

932.4 

107.4 

262.6 

549.2 
774.1 

613.3 

78.84 

184.0 

372.2 

517.2 
413.1 

156.3 

112.1 

81.97 

61.01 

264.6 

184.9 

132.0 

96.04 

181.9 

256,7 

126.9 

179.5 

90.36 

128.2 

65.60 

93.26 

50.17 

36.74 

27.40 

20.77 

121.6 

85.36 

61.17 

44.67 

273.2 

183.6 

126.2 

88.67 

693.7 

444.2 

291.9 

196.5 

699.1 

455.6 

304.4 

208.1 

64.33 

159.9 

393.4 

47.28 

112.0 

264.1 

35.33 

80.15 

181.5 

26.91 

58.44 

127.4 

244.9 

628.5 

166.2 

405.7 

115.4 

268.6 

81.79 

182.1 

225.5 

152.2 

105.2 

74.19 
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TABLE  49.  Slopes  m,  Intercepts  b,  and  Linear  Regression  Correlation  Coefficients  r  for 
van’t  Hoff  Plots  of  Ln  Vg  of  Listed  Probe-Solutes  of  Table  48  Against  10^  with 
Fraction  4B  of  X-25LM  r45M 


Probe  Solute 

m 

-b 

r 

n-Pentane 

2.814 

5.440 

0.9998g 

n-Hexane 

3.390 

6.249 

0.99989 

n-Heptane 

3.933 

6.981 

0.9998^ 

n-Octane 

4.475 

7.723 

0.99989 

3-Methylpentane 

3.283 

6.093 

0.9998g 

2,3-Diinethylpentane 

3.683 

6.502 

0.9998. 

3-Methylhexane 

3.774 

6.734 

0.9998, 

3-Methylheptane 

4.307 

7.477 

0.9998g 

1-Hexene 

3.367 

6.175 

0.9999^ 

0.9999n 

1-Heptene 

3.912 

6.916 

1-Octene 

4.448 

7.644 

O.9999J 

Benzene 

3.750 

6.252 

0.9999. 

Toluene 

4.313 

6.998 

0.9999® 

Ethylbenzene 

4.713 

7.427 

0.9999, 

o-Xylene 

4.887 

7.590 

0.9999g 

0.99992 

p-Xylene 

4.788 

7.335 

Cyclohexane 

3.579 

6.023 

0.9999. 

Methylcyolohexane 

.  3.855 

6.351 

0.9998 g 

Tetrahydrofuran 

3.880 

6.804 

0.9999- 

Thiophene 

3.852 

6.372 

0.9999g 

Acetone 

3.354 

6.464 

0.99979 

Methyl  Ethyl  Ketone 

3.809 

6.986 

0.9999a 

Methyl  Propyl  Ketone 

4.281 

7.637 

0.99999 

Methyl  Butyl  Ketone 

4.799 

8.309 

0.99999 

Acetylacetone 

4.610 

7.716 

0.9999g 

Methylene  Chloride 

3.315 

6.096 

0.9999. 

0.9999” 

0.99995 

Chloroform 

3.829 

6.774 

1-Chloropentane 

4.290 

7.301 

n-Butyronitrile 

4.172 

7.408 

0.9999a 

tt-Valeronitrile 

4.712 

8.140 

0.99995 

1,2-Dimethoxy* 

ethane 

4.228 

766,7 

0.9999, 
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TABLE  80%  Replicate  Smoothed  (van't  Hoff)  Specific  Retention  Volumes  V^/cm^  for 
Listed  Probe  Solutes  at  Indicated  Temperatures  with  Fraction  5A  of  X-25LI?  R-45M 


30®C 

40*C 

50*C 

60*0 

70“C 

SO^C 

n-Pentane 

49.95 

36.72 

27.51 

20.98 

16.25 

12.77 

n-Hexane 

148.3 

102.6 

72.70 

52.57 

38.74 

29.05 

n-Heptane 

429.6 

280.5 

188.0 

129.1 

90.61 

64.88 

n-Octane 

1233. 

759.3 

481.9 

314.3 

210.2 

143.8 

3-Methylpentane 

120.2 

84.62 

60.88 

44.67 

33.38 

25.35 

2,3-Dimethyl- 

pentane 

301.9 

203.0 

139.9 

98.59 

70.90 

51.96 

3-Methylhexane 

^  322.4 

214.7 

146.7 

102.5 

73.13 

53.19 

3-Methylheptane 

893.6 

562.1 

363.9 

241.8 

164.5 

114.4 

1-Hexene 

146.2 

101.6 

72.18 

52.34 

38.68 

29.07 

1-Heptene 

421.7 

276.5 

186.1 

128.2 

90.33 

64.90 

1-Octene 

1202. 

744.i 

474.4 

310.8 

208.7 

143.3 

Benzene 

452.4 

304.5 

210.0 

148.1 

106.6 

78.16 

Toluene 

1380. 

874.8 

570.5 

381.8 

261.5 

183.0 

Ethylbenzene 

3388. 

2056. 

1287. 

829.0 

547.7 

370.4 

o-Xylene 

5120. 

3047. 

1872. 

1185. 

770.0 

512.7 

p-Xylene 

3922. 

2358. 

1463. 

934.6 

612.7 

411.3 

Cyclohexane 

342.6 

232.9 

162.1 

115.4 

83.73 

61.88 

Methylcyolo- 

hexane 

617,0 

407.0 

275.5 

190.9 

135.1 

97.52 

Tetrahydrofuran 

379.0 

253.0 

173.2 

121.3 

86.70 

63.18 

Thiophene 

552.9 

368.8 

252%3 

176.6 

126.2 

91.89 

Acetone 

89.93 

63.58 

45.92 

33.82 

25.36 

19.33 

Methyl  Ethyl 
Ketone 

241.2 

162.8 

112.6 

79.58 

57.41 

42.19 

Methyl  Propyl 
Ketone 

607.4 

388.4 

255.3 

172.1 

118.7 

83.66 

Methyl  Butyl 
Ketone 

1696. 

1030. 

645.3 

415.8 

274.8 

185.9 

Acetylacetone 

1690. 

1046. 

666.4 

436.4 

292.9 

201.1 

Methylene 

Chloride 

119.4 

84.72 

61.42 

45.39 

34.14 

26.10 

Chloroform 

329.0 

221.3 

152.6 

107.6 

77.39 

56.73 

1-Chloropentane 

947.7 

602.1 

393.5 

263.8 

181.0 

126.9 

n-Butyronitrile 

S00.3 

327.2 

219.7 

131.1 

106.2 

76,17 

n-Valeronitrilc 

1422. 

879.5 

560.6 

367.1 

246.4 

169.2 

1,2-Dimethosiy- 

ethane 

497.9 

320.4 

211.8 

143.6 

99,54 

70.46 

6S 


TABLE  51.  Slopes  m,  Intercepts  b,  and  Linear  Regression  Correlation  Coefficients  r  for 
van't  Hoff  Plots  of  Ln  V°  of  Listed  Probe-Solutes  of  Table  50  Against  10^  with 
fraction  5A  of  X-25LM  r45M 


Probe  Solute 

m 

-b 

r 

n-Pentane 

2.921 

5.723 

0.9998^ 

n-Hexane 

3.490 

6.514 

0.9998q 

n-Heptane 

4.047 

7.288 

0.9998q 

n-Octane 

4.600 

8.059 

0.9999" 

3-Methylpentane 

3.332 

6.203 

0.9998. 

2,3-Dimethylpentane 

3.768 

6.719 

0.9998r 

3-Methylhexane 

3.858 

6.950 

0.9998“ 

3-Methylheptane 

4.401 

7.722 

0.99983 

1-Hexene 

3.459 

6.424 

0.9998g 

0.9999n 

0,9999J 

1-Heptene 

4.007 

7.174 

1-Oetene 

4.554 

7.931 

Benzene 

3.760 

6.287 

0.9999- 

Toluene 

4.325 

7.037 

0.9998^ 

Ethylbenzene 

4.739 

7.504 

0.99995 

o-Xylene 

4.927 

7.712 

0.9999' 

p-Xylene 

4.828 

7.652 

0.9999j 

Cyclohexane 

3.664 

6.260 

0,9998- 

Methylcyclohexane 

3.950 

6.605 

0.9999^ 

Tetrahydrofuran 

3.836 

6.715 

0.99989 

0.99993 

Thiophene 

3.842 

8.360 

Acetone 

’3.292 

6.361 

0.9999„ 

0.9999" 

0.9999^ 

0.99995 

Methyl  Ethyl  Ketone 

3.733 

6.829 

Methyl  Propyl  Ketone 

4.245 

7.593 

Methyl  Butyl  Ketone 

4.733 

8,178 

Acetylacetone 

4.S58 

7.604 

0.9999^ 

Methylene  Chloride 

3.2S6 

:  5.9St  . 

,  6.9898. 

Chloroform 

3.764 

6.620 

/  0.9989" 

1-Chloropentane 

4.303 

7.348- 

O.9999I 

n-^utyronltrlle 

4.030 

7,079 

0.9999« 

n-Valeronitrlle 

4.557 

,  6.9399 J 

1,2-Dlmethoxy- 

ethane 

4.187 

7.860 

6.9992 
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TABLE  53«  Molar  Specific  Retention  Volumes  v2’/cm^  mol"^  for  Listed  Probe-Solutes 
with  Indicated  Lots  of  Rr45M  at  30®  and  50®C  ^ 

A.  Compounds  whose  retentions  at  30®C  fail  to  distinguish  between  14LM  and  20LM 


10'3 

Vg  '/cm^ 

mol"^ 

Solute 

lOLM 

14LM 

20LM 

25LM 

120HM 

n-Hexane 

141.9 

184.3 

197.0 

212.1 

468.9 

3-Methylhexane 

310.3 

399.0 

429.4 

495.4 

975.2 

1-Hexene 

141.9 

186.1 

196.7 

227.7 

472.6 

Cyclohexane 

327.8 

424.6 

454.8 

525.0 

1088. 

Benzene 

492.0 

628.4 

643.0 

752.4 

1498. 

Tetrahydrofuran 

490.0 

617.0 

630.1 

706.8 

1280. 

1-Chloropentane 

1020. 

1318. 

1340. 

1549. 

3106. 

B.  Compounds  whose  retentions  at  30®  and 
weight  difference  between  14LM  and  2dLM 

50®C  appear 

to  reflect 

the  molecular 

Thioplsene 

30®C 

610,1 

788.5 

785.6 

935.6 

1874. 

Acetone 

30®C 

Chlwoform 

120,5 

ISl.l 

150.4 

175.6 

334.8 

30®C 

397.6 

504.4 

498.0 

588.4 

1178, 

30®C 

182.5 

233.3 

231.3 

272,5 

534.3 

ft-ValeronltPlle 

30®C 

2095. 

2623. 

2502. 

2924. 

5683. 

S0®C 

811.2 

1031. 

990.6 

1152. 

2142. 

6t 


/  cm^  mol 


jom  lUD 


Mn/Da 


FIGURE  8,  As  in  Figure  5;  valeronitrile  solute. 
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Rcgfcs^ons  of  Convcntional“Forin  SpociHc  Rstention  Voluines.  The  conventional” 
form  specific  retention  volumes  Vg/cm^  of  the  four  promising  solutes  of  Table 
52.B  were  next  examined  in  terms  of  the  molecular  weights  of  the  ARCO  lots  of  R- 
45M.  The  relevant  data  are  provided  in  Table  53.  The  retentions  only  of  chloroform  at 
30“C  and  valeronitrile  at  30®  and  50*C  provide  significant  distinction  between  the  R- 
45M.  (In  contrast,  those  of  thiophene  for  example  with  lOLM  and  20LM  are  nearly 
identical  and  so,  this  solute  is  not  suitable  as  a  molecular-weight  probe.) 


TABLE  53%  Conventional-Form  Specific  Retention  Volumes  V°/cm^  g"^  of  Listed  Probe- 
Solutes  with  Indicated  Lots  of  R-45M  at  30*  and  50*C 


A.  Compounds  whose  retentions  fail  to  reflect  significant  differences  in  the  of 
lOLM,  14LM,  and  20LM 


Vg/crn^  g"^ 

Solute 

lOLM 

14LM 

20LM 

25LM 

120HM 

Thiophene 

30*C 

586.6 

555.3 

581.9 

574.0 

561.8 

Acetone 

30"C 

115.9 

106.4 

111.4 

107.7 

100.4 

Chloroform 

50“C 

175.5 

164.3 

171.3 

167.2 

160.2 

B.  Compounds  whose  retentions  appear 
lOLM,  14LM,  and  20LM 

to  reflect 

molecular  weight  differences  between 

Chloroform 

30*C 

382.3 

355.2 

368.9 

361.0 

353.3 

Valeronitrile 

30*C 

50*C 

2014. 

780.0 

1847. 

726.2 

1853. 

733.8 

1794. 

706.8 

1704. 

642.4 

As  shown  below  in  Figure  9,  plots  of  the  v2  e.g.  of  valeronitrile  against  stationary- 
phase  molecular  weight  were  curved.  Neverfiieless,  a  plot  of  the  specific  retention 
volumes  of  this  solute  against  inverse  molecular  weight  at  50  *C,  Figure  10,  gave  a  near- 
perfect  correlation  coefficient  of  0.99996.  (The  analogous  plots  for  chloroform  were, 
however,  not  linear.)  Table  54  confirms  the  goodness  of  fit  of  the  linear  regression. 
Thus,  the  number-average  molecular  weight  of  R-45M  can  be  assessed  simply  by 
measuring  the  specific  retention  volumes  of  valeronitrile  at  50 "C. 

Encouraged  by  the  success  shown  in  Figure  10  and  Table  54,  the  regressions  of  all 
solutes  at  all  temperatures  as  a  function  of  Inverse  molecular  weight  were  examined  at 
this  point.  Several  additional  solutes  at  various  temperatures  were  thereby  identified 
also  as  good  indicators  of  the  stationary-phase  molecular  weight.  The  relevant  plots  of 
specific  retention  volume  against  inverse  M  are  provided  in  Figures  11-14. 
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30°C  50°C 


FIGURE  9»  Plots  of  conventional-form  specific  retention  volumes  V°/cm3  ^-1  q{ 
valeronitrile  at  30”  and  S0”C  against  stationary-phase  molecular  weight.  ^ 
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FIGURE  10.  As  in 


Vg*  /cm*g 


TABLE  54.  Test  of  Goodness  of  Fit  of  Linear  Regression  Shown  in  Figure  10 


Lot  of  R-45M  Smoothed  Mjj/Da  Mfr.  Claimed  Mj^/Da 


lOLM  1038  1040 

14LM  1419  1420 

20LM  1349  1350 

25LM  1638  1630 

120HM  3315  3335 


D  BOt 

•  7VC 


3  4  e  8  10 

loW'/Da-' 


FIGURE  11  Plots  of  specific  retention  volumes  of  methyl  ethyl  ketone  against  inverse 
molecular  weight  of  R-45M  stationary  phases  at  70  and  80 “C. 


•  75 


14001 


FIGURE  12.  As  in  Figure  ll;  aoetyiacetone  solute  at  40-70  “C. 
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•  7(n: 

•  60’C 

■  so*c 

•  40*0 


Somewhat  surprisingly,  the  retentions  of  alkane  solutes  failed  to  correlate  with 
stationary-phase  molecular  weight.  The  plots  for  n-hexane  and  n-octane  are  provided  as 
examples  in  Figures  15  and  16;  the  data  describe  near-horizontal  lines,  i.e.,  fail  to  reflect 
solvent  M. 

Relative  Retentions  and  Retention  Indices.  As  a  result  of  the  above,  the  retention 
indices  of  probe-solutes,  which  are  taken  relative  to  n-alkanes,  fail  to  correlate  with 
inverse  M.  The  data  for  the  solutes  of  Figures  11-14  are  shown  in  Figures  17-20.  This  is 
unfortunate,  since  retention  indices  can  be  taken  directly  from  strip-chart  recordings. 
However,  caracity  factors,  which  have  the  same  advantage,  can  be  used  instead.  Thus, 
one  need  in  fact  ensure  only  that  the  flow  rate,  temperature,  and  weight  percent  liquid 
loading  of  stationary  phase  are  the  same  from  one  column  to  another,  and  then  calculate 
the  capacity  factors  of  the  probe-solutes  methyl  ethyl  ketone,  acetylacetone, 
butyronitrile,  and  valeronitrile.  The  data  should  regress  linearly  against  inverse 
molecular  weight  since,  if  the  speciHc  retention  volumes  do  so,  then  of  course  the 
capacity-factor  data  must  also. 

AppUcttlon  to  Fractionated  R-4SM,  An  example  of  application  of  the  findings  of 
Phase  I  of  the  Contract  are  provided  in  Table  55,  which  lists  the  number-average 
molecular  weights  of  each  of  the  R-45M  fractions  that  were  calculated  with  the 
nomograph  shown  in  Figure  10;  the  data  are  also  plotted  in  Figure  21.  The  upper  limit  of 
accuracy  of  the  method  appears  to  be  ca.  4000  Da,  which  is  quite  satisfactory  since  the 
number-average  molecular  weight  of  R-45M  prepolymer  rarely  exceeds  2000  Da.  The 
determination  of  R-45M  by  inverse  GC  thus  appears  to  be  at  hand. 


TABLE  55,  Number-Average  Molecular  Weights,  Mn/Da,  of  Indicated  Fractions  of  X- 
2SLM  R-45M  Calculated  from  Nomographic  Regression  Shown  in  Figure  10  and  Retention 
Data  Listed  in  Tables  34-51 


Fraction 

yo/om^  g-'i 

M^/Da 

lA 

810.4 

902. 

IB 

780.5 

1036. 

2A 

723.7 

1444. 

2B 

711.1 

1583, 

3A 

659.5 

2607. 

3B 

629.3 

4194. 

4A 

630.7 

4078. 

4B 

628.5 

4262. 

SA 

560.6 

- 

Bulk 

706.6 

1639. 
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4 


10 


10*Mn7Da-* 


FIGURE  17.  Plots  of  retention  Indices  of  methyl  ethyl  ketone  solute  against  Inverse 
molecular  weight  of  R-45M  standard  stationary  pliases  at  indicated  temperatures. 
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3 


4 


0 


10 


10*Mn™'/Da‘^ 


FIGURE  19.  As  In  Figure  17;  butyronitrlle  solute. 


8' 


•  70*C 

•  unt; 

N 

•  4I1U 


10^Mn7Da-‘ 


FIGOBE  20«  As  In  Figure  17:  valeronitrUe  solute. 


Phase  Ily  Task  1.  Wet-Chemical/Instrumental  Determinatioa  of  Absolute  Hydroxyl 
Content 

•Standard"  Lot  of  R-4SH.  The  supply  of  ARCO  Poly  bd  X-25LM  had  at  this  point 
been  exhausted.  In  addition,  the  ARCO  Division  responsible  for  R-45M  was  sold  and  a 
new  firm,  Sartomer,  came  into  being  during  the  previous  Phase  of  this  work.  (As  of  this 
writing,  Sartomer  has  since  been  purchased  by  the  French  oil  and  chemicals  firm.  Elf 
Aquitaine.)  As  a  result,  and  because  we  could  not  obtain  any  fresh  supplies  of  ARCO  X- 
2SLM,  the  "standard"  lot  of  R-45M  was  changed  to  Sartomer  R20LM,  with  the  assurance 
from  Sartomer  personnel  that  the  material  was  in  every  way  identical  to  Poly  bd  X-20LM 
batches  formerly  manufactured  by  ARCO.  (In  fact,  this  turned  out  not  to  be  so,  as 
described  below.)  It  was  therefore  necessary  to  repeat  virtually  aU  of  Phase  I  with  the 
new  Sartomer  "standard"  lot  of  prepolymer. 

Gel-Permeation  Chromatography  of  Bulk  R-45M.  The  GPC  traces  of  bulk  ARCO 
(upper)  and  Sartomer  lots  of  supposed-equivalent  "20LM"  are  presented  in  Figure  22.  A 
vertical  line  drawn  through  the  peak-maximum  of  the  former  clearly  does  not  pass 
through  that  of  the  latter.  An  appreciable  amount  of  the  Sartomer  material  appears  in 
fact  to  be  of  substantially  lower  molecular  weight  than  the  ARCO  version.  The  peaks 
are  of  about  equal  asymmetry,  however,  that  is,  there  is  a  broad  "front"  (left  side)  and  a 
relatively  sharp  "tail"  (right  side)  to  each. 

Inverse  GC  Retentions  with  Bulk  R-45M.  The  gas-chromatographic  specific 
retention  volumes,  and  van't  Hoff  slopes,  intercepts,  and  least-squares  correlation 
coefficients  of  all  probe-solutes  with  the  ARCO  and  Sartomer  materials  at  30-80 ”C  are 
presented  in  Tables  S6-65  below.  The  former  data  (Tables  56,57),  obtained  in  the 
previous  Phase  of  the  Contract,  obviously  contrast  sharply  with  those  found  for  the 
Sartomer  material  (Tables  58-65)  (see  also  later). 

Solvent  Fractionation  Patterns  of  Bulk  R-45M.  The  fractionation  pattern  obtained 
with  iso-propyl  alcohol/benzene  with  the  Sartomer  R20LM  sample  is  shown  in  Figure  23, 
while,  for  comparison,  that  (Stained  for  ARCO  X-25LM  is  shown  in  Figure  24,  The 
results  were  really  quite  startling:  fully  three-fourths  of  the  Sartomer  material  was 
extracted  in  the  first  two  extractions;  indeed,  two-thirds  of  the  prepolymer  was 
extracted  in  the  first  extraction  with  iso-propyl  alcohol.  Thus,  the  average  molecular 
weight  of  the  Sartomer  material  must  be  very  substantially  lower  than,  for  example, 
ARCO  X-25LM;  cf.  Figure  24.  In  the  latter,  only  a  'thfs^  or  the  R-45M  was  taken  up  in 
the  first  fraction,  the  remaining  two-thirds  being  distributed  roughly  equally  between 
fractions  2-5.  Shown  also  for  comparison  in  Figures  25-27  are  the  extraction  bar  grnph 
data  obtained  for  Sartomer  Lots  40,  42B,  and  ACH  V004.  These  three  bulk  Sartomer 
materials  appear  to  be  similar  to  one  another;  however,  there  are  notable  differences  in 
the  amounts  extracted  for  the  last  fraction,  6A.  For  example,  Lots  40  and  ACH  V004 
each  give  lS-16%  w/w  material  for  the  last  fraction,  while  that  of  Lot  42B  is  half  this 
amount,  ca.  8%.  The  patterns  are  also  somewhat  similar  to  ARCO  X-2SLM,  but  differ 
quite  substantially  from  Sartomer  R20LM. 

Molecular-Weight  Characterization  of  Pcacilooa  of  ^Standard"  U-4SM.  Following 
fractionation  of  the  new  "standard",  Sartomer  R20LM,  we  proceeded  to  determine  and 
comi^re  the  number-average  molecular  weight  of  each  fraction  by  inverse  GC,  by 
density  measurements,  and  by  GPC. 

Inverse  GC  Determination  of  Fraction  Molecular  Weights.  It  was  found  in 
previous  work  that  the  retentions  of  particular  solutes,  at  specified  temperatures, 
correlated  well  with  R-4SM  stationary-phase  molecular  weight.  The  solutes  were  methyl 
ethyl  ketone  at  70-80*C,  butyronitrile  at  S0-80®C,  and  valeronitrile  and  acetylacetone  at 
40-70®C.  The  corresponding  nomographic  equations  are  given  below  in  Table  66.  The 
retentions  of  these  solutes  with  each  of  the  Sartomer  R20LM  R-4SM  fractions  are  then 
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FIGUBB  22.  GPC  traces  of  ARCO  (upper)  and  Sartomer  versions  of  20LM  R-4SM. 


TABLE  56.  Smoothed  (van't  Hoff)  Specific  Retention  Volumes  V°/cm3  g-1  Jqj.  Listed 
Probe  Solutes  at  Indicated  Temperatures  with  ARCO  Poly  bd  X-20lIi  R-45M 

i 


yo/cm^ 

30®C 

40*C 

50®C 

60*C 

70®C 

OO^C 

n-Pentane 

49.91 

36.77 

27.61 

21.09 

16.36 

12.88 

n^Hexane 

146.7 

101.8 

72.27 

52.37 

38.67 

29.05 

n-Heptane 

421.5 

276.0 

185.5 

127.7 

89.85 

64.49 

li-Octane 

1206. 

744.6 

473.6 

309.6 

207.4 

142.2 

S-Methylpentane 

118.8 

84.14 

80.87 

44.90 

33.72 

25.73 

2,3-Dim  ethyl- 
pentane 

297.5 

201.0 

139.1 

98.44 

71.08 

52.28 

3-Methylhexane 

316.6 

211.9 

145.4 

102.0 

73.11 

53.38 

3-Methylheptane 

873.6 

552.3 

359.2 

239.8 

163.9 

114.4 

1-Hexene 

147.0 

102.5 

73.11 

53.21 

39.45 

29.75 

1-Heptene 

420.6 

276.9 

187.0 

129.4 

91.41 

65.88 

1-Octene 

1195. 

740.6 

472.8 

310.0 

208.4 

143.2 

Benzene 

470.8 

318.1 

220.2 

155.8 

112.5 

82.78 

Toluene 

1424. 

906.6 

593.7 

398.8 

274.2 

192.6 

Ethylbenzene 

3383. 

2080. 

1318. 

858.6 

573.3 

391.7 

o-Xylene 

5087. 

3070. 

1912. 

1225. 

805.5 

542.4 

p-Xylene 

3935. 

2392. 

1500. 

967.0 

639.7 

433.1 

Cyclohexane 

336.7 

230.2 

161.1 

115.2 

84.04 

62.39 

Methylcyclo- 

hexane 

605.9 

401.6 

273.1 

190.0 

135.1 

97.86 

Tetrahydrofuran 

460.0 

306.6 

209.5 

146.5 

104.6 

76.10 

Thiophene 

579.3 

388.5 

267.0 

187.7 

134.7 

98.46 

Acetone 

108.7 

77.53 

56.46 

41.91 

31.66 

24.30 

Methyl  Ethyl 
Ketone 

299.8 

202.7 

140.4 

99.40 

71.81 

52.84 

Methyl  Propyl 
Ketone 

743.4 

478.6 

316.6 

214.7 

148.9 

lOS.S 

Methyl  Butyl 
Ketone 

2115. 

1290. 

810.9 

524.2 

347.6 

236.0 

Acetylaoetone 

1964. 

1234. 

797.8 

530.0 

360.0 

250.1 

Methylene 

Chloride 

130.6 

93.09 

67.75 

50.26 

37.93 

29.09 

Chloroform 

364.7 

245.7 

169.6 

119,7 

86.26 

63.31 

1-Chloropentane 

983.3 

627.9 

412.1 

277.4 

191.0 

134.4 

n-Butyronitrile 

632.7 

415.8 

280.5 

193.7 

136.7 

98.41 

n-Valeronitrlle 

1837. 

1136. 

726.0 

475.8 

319.7 

219.6 
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TABLE  S7.  Slopes  m,  Intercepts  b,  and  Linear  Regression  Correlation  Caefncients  r  for 
van't  Hoff  Plots  of  Ln  V§  of  Listed  Probe-Solutes  of  Table  56  Against  10^  T"^  with  Bulk 
ARCO  Poly  bd  X-20LM  R-45M 


Probe  Solute 

m 

-b 

r 

n-Pentane 

2.901 

5.659 

0.99970 

n-Hexane 

3.467 

6.448 

0.99984 

n-Heptane 

4.020 

7.216 

0.99985 

n-Octaiis 

4.577 

8.004 

0.99987 

3-MetIiylpentane 

3.276 

6.028 

0.99977 

2,3-Dimethylpentane 

3.723 

6.586 

0.9998(1 

3-Methylhexane 

3.812 

6.816 

0.99972 

3-Methylheptane 

4.352 

7.585 

0.99975 

l-Hexeno 

3.421 

6.293 

0.9997. 

1-Hepteno 

3.970 

7.053 

0.9998q 

1-Octene 

4.542 

7.898 

O.9999J 

Benzene 

3.722 

6.123 

0.9997c 

Toluene 

4.283 

6.869 

0.99983 

Ethylbenzene 

4.617 

7.102 

0.99993 

o-Xylene 

4.793 

7.275 

0.99994 

p-Xylene 

4.725 

7.308 

0.9999q 

Cyclohexane 

3.609 

6.087 

0.999?o 

Methylcyclohexane 

3.904 

6.470 

0.99984 

Tetrahydrofuran 

3.852 

6.576 

0.9999a 

Thiophene 

3.795 

6.155 

0.99980 

Acetone 

3.208 

5.894 

0.9998g 

Methyl  Ethyl  Ketone 

3.717 

6.558 

0.99990 

Methyl  Propyl  Ketone 

4.182 

7.183 

0.9999g 

Methyl  Butyl  Ketone 

4.696 

7.833 

0.99997 

Acetylacetone 

4.412 

6.971 

0.99992 

Methylene  Chloride 

3.215 

5.735 

0.9999o 

Chloroform 

3.749 

6.468 

0.9999o 

1-Ohloropentane 

4.262 

7.169 

0.99930 

n-Butyronltrile 

3.984 

6.693 

0.99997 

R-Valeronltrile 

4.548 

7.487 

0.99994 

TABLE  58.  Smoothed  (van’t  Hoff)  Specific  Retention  Volumes  g”^  for  Listed 

Probe  Solutes  at  Indicated  Temperatures  with  Sartomer  R20LM  R-4m 


Vg/cm^ 

30®C 

40®C 

50®C 

60®C 

70®C 

80®C 

n-Pentane 

39.54 

29.99 

23.15 

18.14 

14.42 

11.62 

n-Hexane 

117.0 

83.61 

61.01 

45.37 

34.33 

26.39 

n-Heptane 

336.5 

227.0 

156.9 

110.8 

79.93 

58.72 

iHDctane 

957.7 

609.5 

398.9 

267.8 

184.0 

129.2 

3-Methylpentane 

95.83 

69.38 

51.25 

38.54 

29.48 

22.89 

2,3-Dim  ethyl- 
pentane 

239.1 

165.3 

116.9 

84.38 

62.09 

46.49 

3-Methylhexane 

255.2 

174.6 

122.3 

87.53 

63.87 

47.44 

3-Methylheptane 

701.4 

453.6 

301.4 

205.2 

142.9 

101.6 

1-Hexene 

121.0 

86.32 

62.87 

46.67 

35.25 

27.05 

1-Heptene 

343.4 

232.1 

160.7 

113.7 

82.13 

60.42 

1-Octene 

966.9 

617.3 

405.2 

272.8 

187.9 

132.2 

Benzene 

430.7 

292.4 

203.3 

144.5 

104.7 

77.33 

Toluene 

1289. 

82S.0 

S42.9 

366.3 

252.9 

178.3 

Ethylbenzene 

3050. 

1892, 

12').9. 

793.7 

533.9 

367.3 

o-Xylene 

4689. 

2842. 

1778. 

1144. 

755.0 

S10.2 

p-Xylene 

3557. 

2181. 

1378. 

895.4 

596.5 

406.6 

Cyclohexane 

278.3 

194.2 

138.6 

101.0 

74.91 

56.52 

Methyloyclo- 

hexane 

495.9 

336.1 

233,3 

165.6 

119.9 

88.39 

Tetrahydrofuran 

447.6 

301.3 

207.9 

146.7 

10S.6 

77.44 

Thiophene 

553.S 

372.2 

256.4 

180.6 

129.9 

95.14 

Acetone 

115.6 

82.74 

60.49 

45.06 

34.12 

26.28 

Methyl  Ethyl 
Ketone 

307.8 

209.4 

145.9 

103.9 

75.45 

55.79 

Methyl  Propyl 
Ketone 

751.0 

487.0 

324.3 

221.3 

154.4 

110.0 

Methyl  Butyl 
Ketone 

2132. 

1305. 

823.9 

534.6 

355.7 

242.2 

Acetylacetone 

2062. 

1283. 

828.7 

547.3 

370.3 

256.2 

Methylene 

Chloride 

132.7 

94.19 

68.27 

50.44 

37.94 

29.00 

Chloroform 

371.5 

248.9 

170.9 

120.0 

86.08 

62,89 

1-Chloropentane 

881.7 

569.5 

377.9 

257.1 

178.8 

127,0 

n-Butyronitrile 

721.4 

469.1 

313.3 

214.4 

150.0 

107.1 

n-Valeronitrile 

2006. 

1242. 

791.7 

518.6 

348.2 

239.2 

1,2-Dlm  ethoxy- 
ethane 

621.1 

402.6 

268.1 

183.0 

127,7 

90.90 
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TABLE  59.  Slopes  m,  Intercepts  b,  and  Linear  Regression  Correlation  Coefficients  r  for 
van't  Hoff  Plots  of  Ln  V°  of  Listed  Probe-Solutes  of  Table  58  Agairist  lO**  T"^  with 
Sartomer  R20LM  R-45M 


Probe  Solute 

m 

-b 

r 

n-Pentane 

2.622 

4.973 

0.9988g 

n-Hexane 

3.188 

5.756 

0.9992g 

n-Heptane 

3.738 

6.513 

0.9994» 

n-Octane 

4.289 

7.285 

0.9994g 

3-Methylpentane 

3.066 

5.552 

0.9996^ 

2,3-Dimethylpentane 

3.507 

6.090 

0.99971 

3-Methylhexane 

3.603 

6.342 

0.9997 

3-Methylheptane 

4.137 

7.095 

0.9997 g 

1-Hexene 

3.208 

5.785 

0.9993« 

1-Heptene 

3.720 

6.433 

0.9994g 

1-Octene 

4.260 

7.179 

0.9995^ 

Benzene 

3.677 

6.064 

0.9996. 

Toluene 

4.236 

6.811 

0.9998q 

Ethylbenzene 

4.532 

6.927 

0»9999q 

o-Xylene 

4.750 

7.215 

0.9999g 

p-Xylene 

4.644 

7.142 

0.9999iy 

Cyclohexane 

3.413 

5.630 

0.999ea 

A  aaamVJ 

Methyleyclohexane 

3.693 

5.974 

0.9997^ 

Tetrahydrofuran 

*  3.756 

6.287 

0*9999« 

Thioi^ene 

3*771 

6.124 

0.9998g 

Acetone 

3.171 

5.709 

0.9999« 

Methyl  Ethyl  Ketone 

3.657 

6.334 

.0.9999| 

Methyl  Propyl  Ketone 

4.113 

8.947 

0*9993g 

Methyl  Butyl  Ketone 

4.657 

7.636 

0.9998| 

Acetylacetone 

4.466 

7.099 

O*9909q 

Methylene  Chloride 

3.257 

S.8S6 

0.9997^ 

Chloroform 

3.803 

6.626 

0,99982 

l-Chioropentane 

4.149 

6.906 

0.9997g 

tt-Butyponitrile 

4.085 

6.894 

0.9999 . 

ivValeronitrUe 

4.553 

7*416 

0,9999 J 

ethoxy- 

ettiane 

4.114 

7J.41 

0,9999g 
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TABLE  60.  Smoothed  (van’t  Hoff)  Specific  Retention  Volumes  v^/cm^  for  Listed 
Probe  Solutes  at  Indicated  Temperatures  with  Sartomer  Lot  40  R-45W 


Vg/cm^ 

30*C 

40®C 

50®C  60®C 

TO^C 

80®C 

n~Pentane 

52.54 

38.59 

28.89 

22.01 

17.04 

13.38 

n-Hexane 

157.2 

108.7 

76.95 

55.59 

40.93 

30.66 

n-Heptane 

456.4 

298,3 

200,2 

137.6 

96,70 

69.32 

n-Octane 

1321. 

812.4 

514.8 

335.3 

224.0 

153.0 

3-MetbyIpentane 

128.4 

90,14 

64.67 

47.33 

35.27 

26.73 

2,3-Dim  ethyl- 
pentane 

322.5 

216.9 

149.4 

105.3 

75.75 

55.51 

3-Methylhexane 

345.2 

229.3 

156,2 

109.0 

77.56 

56.30 

3-Methylhepiane 

961.9 

603.4 

389,5 

258.2 

175.3 

121.6 

1-Hexene 

155.7 

108.1 

76.77 

55.65 

41.10 

30.88 

1-Heptene 

451.7 

296.0 

199.2 

137.2 

96.61 

69.39 

1-Octene 

1283. 

797.4 

508.5 

333.2 

223.8 

153.7 

Benzene 

481.9 

324.0 

223.2 

157.3 

113.1 

82.85 

Toluene 

1478. 

934.5 

607,9 

405.7 

277.3 

193.6 

Ethylbenzene 

3665, 

2216. 

1382. 

886.6 

583.8 

393,6 

o-Xylene 

5562, 

3302. 

2024. 

1278. 

828.5 

550.6 

p-Xyiene 

4203. 

2530. 

1571. 

1004. 

658.5 

442,3 

Cyclohexane 

36U 

246.0 

171.6 

122.3 

88.92 

65,82 

Methylcyclo- 

hexane 

654.4 

432.1 

292.7 

203.0 

143.8 

103.9 

Tetrahydrofuran 

409,3 

273.8 

187.7 

131.7 

94.30 

68,81 

Thiophene 

584.4 

391.1 

268.4 

188.3 

134.9 

98.51 

Acetone 

92.83 

65.83 

47.69 

35.22 

26.48 

20.23 

Methyl  Ethyl 
Ketone 

258,1 

174.4 

120.8 

85.^2 

61.77 

43.45 

Methyl  Propyl 
Ketone 

649.7 

417.8 

276.0 

187.0 

129.6 

91.68 

Methyl  Butyl 
Ketone 

1878. 

1139. 

7r  5 

458.4 

302.6 

204.5 

Acetylacetone 

1761, 

1095. 

701.2 

461.3 

310.9 

214.3 

Methylene 

Chloride 

124.9 

89.02 

64.78 

48.04 

36.26 

27.80 

Chloroform 

341.1 

231.3 

160.7 

114.1 

82.66 

60.98 

1-Chloropentane 

996.7 

637,2 

418.7 

282.2 

194.6 

137.1 

n-Butyronitrile 

525.5 

345.1 

232.6 

160.5 

113.2 

81.43 

n-Valeronitrile 

1514. 

942.1 

603.7 

397.3 

267.9 

184.7 

i,2-Dlmethoxy- 

ethane 

555.0 

356.0 

234.7 

158.7 

109.7 

77,51 
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TABUS  61.  Slopes  m.  Intercepts  b,  and  Linear  Regression  Co^ffWentj  r  for 

vartBoft  Plote  of  LnV®  of  Listed  Probe^olutes  of  Table  60  Against  10  T  witn 

Sartoraer  Lot  40  R-45M 


Probe  Solute 

n-Pentane 

n-Hexane 

n-Heptane 

nrOctane 

m 

-b 

r 

2.930 

3.500 

4.035 

4.615 

5.702 

6.488 

7.188 

8.038 

0.9998,^ 

0.9999c 

0.9999J 

0.9999^ 

3-Methylpentaiie 

2,3-Diinethylpentane 

3-Methylhexane 

3-Methylheptane 

3.361 

3.767 

3.883 

4.427 

6.231 

6.651 

6.964 

7.736 

0.9999. 

0.9998, 

O.9999J 

0.99994 

1-Hexene 

1-Heptene 

1-Octene 

3.464 

4.011 

4.552 

6.380 

7.118 

7.854 

0.9999g 

0.99996 

0.9999g 

Benzene 

Toluene 

Ethylbenzene 

o-Xylcne 

jh-Xylcne 

3.770 

4.352 

4.778 

4.952 

4.321 

6.258 

7.058 

7.553 

7.7U 

7.559 

0.99995 

0.9999g 

0.99996 

0.9993g 

0.99996 

Cyclohexane 

Methyloyolohexane 

3.645 

3.940 

6.135 

6,513 

0.99992 

0.99994 

Tetcahydroturan 

Thiophene 

3,818 

3.812 

6.580 

6.205 

0.9999g 

0.99994 

Acetone 

Methyl  Ethyl  Ketone 
Methyl  Propyl  Ketcae 
Methyl  Butyl  Ketone 

3,263 

3.7iy 

4,193 

4.748 

6.231 

6.712 

7.354 

8.124 

0.999Bg 

0.9993, 

0.9999; 

0.99998 

Acetylacetone 

4.509 

7.401 

0,99995 

Methylene  Chiorirle 

Chloroform 

l-Chioropentane 

3.218 

3.686 

4.248 

5.786 

6.327 

7.107 

0,9999a 

0.9999; 

0.99902 

n-ButyronltrUe 

R-Valeronitrile 

3,993 

4.504 

6.906 

7.536 

0.9999- 

0.99999 

1,2-Olmethojiy- 

ethane 

4.215 

7,585 

0.99995 

TABLE  $2.  Smoothed  (van't  Hoff)  Specific  Retention  Volumes  V®/cm^  g“^  for  Listed 
Probe  Solutes  at  Indicated  Temperatures  with  Sartomer  Lot  42B  R-ISM 


V°/cm^ 

O 

30®C 

40*C 

50‘’C 

60®C 

70®C 

80®  C 

n-Pentane 

52.80 

38.81 

29.07 

22.16 

17.16 

13.49 

n-Hexane 

157.4 

109.0 

77.21 

55.83 

41.14 

30.84 

n-Heptane 

459,7 

299.3 

200.1 

137.0 

95.96 

68.56 

iK)ctane 

1312. 

808.7 

513.6 

335.2 

224.3 

153.5 

3-Methylpentane 

128.1 

90.19 

64.90 

47.63 

35.60 

27.05 

2,3-Dim  ethyl- 
pentane 

320.7 

215.9 

148.9 

105.0 

75.58 

55.42 

3-Methylhexane 

343.1 

228.6 

156.2 

109.2 

77.93 

56.69 

3-Methylheptane 

953.5 

599.8 

388.3 

258.1 

175.6 

122.1 

l-HeX'ene 

15C.0 

108.3 

76.96 

55.81 

41.24 

30.99 

1-Hepteno 

450.5 

295.4 

198.9 

137.1 

96.57 

69.39 

1-Octene 

1279. 

793.0 

506.3 

332.1 

223.2 

153.5 

Benzene 

482.0 

324.8 

224.2 

158.3 

114.1 

83.72 

Toluene 

1472. 

933.1 

608.4 

407.1 

278.8 

195.1 

Ethylbenzene 

3598. 

2190. 

1375. 

887.2 

587.4 

398.1 

o-Xylene 

5355. 

3211. 

1987. 

1266. 

827.6 

554.3 

p-Xylene 

4096. 

2483. 

1553. 

999.1 

659.4 

445.6 

Cyclohexane 

361.8 

246.4 

171.9 

122.5 

89.06 

65.92 

Methylcyclo- 

hexane 

653.2 

431.3 

292.3 

202.7 

143.6 

103.8 

Tetrahydrofuran 

411.2 

275.5 

189.2 

132.9 

95.32 

69.66 

Thiophene 

584.9 

391.7 

268.9 

188.8 

135.3 

98.84 

Acetone 

96.49 

66.35 

49.22 

36.24 

27.16 

20.69 

Methyl  Ethyl 
Ketone 

263.7 

177.8 

122.8 

88.75 

62.53 

45.92 

Methyl  Propyl 
Ketone 

658.4 

423.0 

279.3 

189.0 

130.9 

92.56 

Methyl  Butyl 
Ketone 

1876. 

1142. 

716.8 

462.7 

306.4 

207.7 

Acetylacetone 

1754. 

1096. 

705.1 

465.7 

315.2 

218.0 

Methylene 

Chloride 

126.3 

90.04 

65.55 

48.64 

36.72 

28.17 

Chloroform 

348.9 

235.7 

163.2 

115.5 

83.39 

61.34 

1-Chloropentane 

1007. 

641,6 

420.5 

282.7 

194.5 

136.6 

n-Butyronitrile 

534.3 

350.9 

236.5 

163.2 

115.1 

82.80 

n-Valeronitrile 

1530. 

953.2 

611.7 

403.1 

272.2 

187.9 

1,2-Dimethoxy- 

ethane 

560.9 

359.3 

236.6 

159.7 

110.3 

77.84 

9S 


TABLE  63.  Slopes  m,  Intercepts  b,  and  Linear  Regression  Correlation  Coefficient^  r  for 
van’t  Hoff  Plots  of  Ln  V°  of  Listed  Probe-Solutes  of  Table  62  Against  10  T  with 
Sartomer  Lot  42B  R-45M 


Probe  Solute 

n-Pentane 

n-Hexane 

ft-Heptane 

n-Octane 


m 

~b 

r 

2.922 

5.674 

0.99993 

3.490 

6.455 

0.99992 

4.074 

7.309 

0.9999g 

4.593 

7.973 

0.9999i 

3-Methyipentane 

2,3-Dimethylpentane 

3-Methylhexane 

3-Methylheptane 


3.330 

3.759 

3.855 

4.400 

3.460 


6.131 

6.629 

6.879 

7.653 

6.363 


0.9998g 

0.99985 

0.9998g 

0.9998g 


1-Heptene 

1-Octene 

4.005 

4.541 

7.102 

7.824 

0.99992 

0.99993 

Benzene 

Toluene 

Ethylbenzene 

o-Xylene 

p-Xylene 

3.748 

4.327 

4.714 

4.856 

4.750 

6.186 

6.979 

7.361 

7.433 

7.350 

0.99995 

0.99993 

0.9999a 

0.99999 

0.9999g 

Cyclohexane 

Methylcyclohexane 

3.646 

3.939 

6.135 

6.512 

0.9998o 

0.99989 

Tetrahydrofuran 

Thiophene 

3.801 

3.807 

6.521 

6.186 

0.9999.7 

0.9999i 

Acetone 

Methyl  Ethyl  Ketone 
Methyl  Propyl  Ketone 
Methyl  Butyl  Ketone 

3.297 

3.742 

4.201 

4.712 

6.306 

6.771 

7.367 

8.006 

0.9999^ 

0.9999.7 

0.99990 

0.99999 

Acetylacetone 

4.465 

7.258 

0.9999.7 

Methylene  Chloride 

Chloroform 

I'^Chloropentane 

3.213 

3.722 

4.276 

5.759 

6.423 

7.190 

0.9998a 

0.99995 

0.99992 

n-Butyronitrlle 

n-Valeronitrile 

3.992 

4.490 

6.888 

7.478 

0.99994 

0.9999g 

1,2-Diinethoxy- 

ethane 

4.229 

7.620 

0.9999s 

ft 

TABLE  64.  Smoothed  (van’t  Hoff)  Specific  Retention  Volumes  V^/cm'^  g  ^  for  Listed 
Probe  Solutes  at  Indicated  Temperatures  with  Sartomer  Lot  ACH  V(ro4  R-45M 


V|/cm^ 

30*C 

40*C 

50*C 

60*C 

70*C 

SO^C 

n-Pentane 

52.59 

38.64 

28.94 

22.06 

17.08 

13,42 

n-Hexane 

136.5 

108.3 

76.67 

55.42 

40.82 

30.60 

n-Heptane 

454.8 

296.8 

198.8 

136.5 

95.74 

68.53 

n-Octane 

1304. 

803.5 

510.2 

332.9 

222.7 

152.4 

3-Methylpentane 

127.5 

89.74 

64.53 

47.33 

35.35 

26.84 

2,3-Dimethyl- 

pentane 

317.9 

214.2 

147.9 

104.4 

75.19 

55.18 

3-Methylhexane 

341.3 

227.4 

155.3 

108.6 

77.49 

56.37 

3-Methylheptane 

946.6 

595.9 

386.0 

256.7 

174.8 

121.6 

1-Hexene 

155.2 

107.6 

76.27 

55.20 

40.71 

30.54 

1-Heptene 

447.6 

293.3 

197.2 

135.8 

95.61 

68.65 

1-Octene 

1279. 

790.6 

503.5 

329.4 

220.9 

151.6 

Benzene 

479.0 

322.0 

221.8 

156.3 

112.4 

82.34 

Toluene 

1461. 

925.3 

602.8 

402.9 

275.7 

192.7 

Ethylbenzene 

3594. 

2180. 

1363. 

877.3 

579.2 

391.5 

536.6 

o-Xylene 

5497. 

3252. 

1988. 

1252. 

809.4 

p^Xylene 

4193. 

2512. 

1553. 

988.7 

646.1 

432.5 

Cyclohexane 

359.5 

244.4 

170.2 

121.1 

87.91 

64.98 

Methyloyclo- 

hexane 

650.3 

428.7 

290.1 

200.9 

142.1 

102.6 

Tetrahydrofuran 

422,9 

281.0 

191.5 

133.5 

95.11 

69.05 

Thiophene 

577.1 

386.0 

264.7 

185.6 

132.9 

97.01 

Acetone 

94.38 

67.25 

48.94 

36.29 

27.39 

21.01 

Methyl  Ethyl 

Ketone 

264.0 

177.8 

122.8 

86.65 

62.41 

45.80 

Methyl  Propyl  _ 

Ketone 

663.6 

425.2 

280.1 

189.2 

130.7 

92.24 

Methyl  Butyl 

Ketone 

1905. 

1154. 

721.0 

463.4 

305.6 

206.3 

Aoetylacetone 

1780. 

1103. 

704.2 

461.8 

310.4 

213.4 

Methylene 

Chloride 

124.5 

88.51 

64.29 

47.60 

35.87 

27.46 

Chloroform 

343.6 

231.6 

160.0 

113.0 

81.41 

59.77 

1-Chloropentane 

1005. 

637.4 

416.0 

278.6 

190.9 

133.7 

n-Butyronitrlle 

538.1 

351.6 

235.8 

162.0 

113.8 

81.52 

n-Valeronitrtle 

1561. 

963.3 

612.4 

400.1 

267.9 

183.5 

1,2-Dimethoxy- 

e'hane 

564.8 

361.8 

238.2 

160.8 

111.1 

78.34 
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TABLE  65.  Slopes  m,  Intercepts  b,  and  Linear  Regression  Correlation  Coefficients  r  for 
van't  Hoff  Plots  of  Ln  Vg  of  Listed  Probe-Solutes  of  Table  64  Against  10’"  T  ^  with 
Sartomer  Lot  ACH  V004  B^5M 


Probe  Solute 

n-Pentane 

n-Hexane 

n-Heptane 

R-Octane 

3-Methylpentane 

2,3-Dimethylpentane 

3-Methylhexane 

3-Methylheptane 

1-Hexene 

l-Heptene 

1-Octene 

Benzene 

Toluene 

Ethylbenzene 

o-Xylene 

p-Xylene 

Cyclohexane 

Methylcyclohexane 

Tetrahydrofuran 

Thiophene 

Acetone 

Methyl  Ethyl  Ketone 
Methyl  Propyl  Ketone 
Methyl  Butyl  Ketone 

Acetylacetone 

Methylene  Chloride 

Chloroform 

1-Chloropentane 

n-Butyronltrile 

n-Valeronitrlle 

1,2-Dlmethoxy- 

ethane 


m 

-b 

r 

2.925 

5.686 

0.9997i 

3.495 

6.475 

0.9998o 

0.9998° 

4.052 

7.248 

4.596 

7.987 

0.9999| 

3.337 

6.161 

0.9998c 

3.750 

6.608 

0.9999? 

0.9999i 

3.856 

6.887 

4.394 

7.641 

0.9999i 

3.481 

6.439 

0.9999. 

4.015 

7.139 

0.9999^ 

4.567 

7.910 

0.9999^ 

3.770 

6.265 

0.9999(. 

0.9999g 

4.337 

7.021 

4.747 

7.471 

0.9999? 

4.982 

7.823 

0.9999? 

4.863 

7.703 

0.9999g 

3.663 

6.198 

0.9999. 

3.955 

6.568 

O.9999J 

3.880 

6.753 

0.9998g 

0.9999g 

3.818 

6.236 

3.217 

6.065 

0.9997g 

3.751 

6.797 

0.9999, 

0.9999? 

4.225 

7.440 

4.759 

8.148 

0.9999g 

4.542 

7.498 

0.9999g 

3.236 

5.850 

0.g999» 

0,9999: 

0.9999g 

3.745 

6.514 

4.318 

7.331 

4.041 

7.041 

0.9999. 

4.584 

7.767 

0.99993 

4.230 

7.616 

0.99997 
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HGUBB  24.  Fractionation  pattern  obtained  for  ARCO  X-23LM  R-^SM. 
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n60RB  25.  Solvent  fractionation  pattern  obtained  for  Sartomer  Lot  40  R-45M. 
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TABLE  66.  Constants  and  Linear  Least-Squares  Regression  Correlation  Coefficients  r  of 
Nomographic  Equations  Relating  Solute  Retention  to  R-45M  Stationary-Phase  Number- 
Average  Molecular  Weight:  Vg  =  b  +  lO^m/Mjj 


Solute 

T/*C 

b 

m 

r 

Methyl  Ethyl  Ketone 

70 

51.082 

2.7571 

0.984 

80 

36.447 

2.1922 

0.986 

Acetylacetone 

40 

1028.4 

29.767 

0.985 

SO 

643.48 

21.267 

0.989 

60 

414.33 

15.312 

0.984 

70 

273.61 

11.150 

0.977 

Butyronitrile 

SO 

223.47 

8.5264 

0.995 

60 

150.18 

6.2046 

0.997 

70 

103.35 

4.5705 

0.990 

80 

72.658 

3.4187 

0.980 

Valeronitrile 

40 

930.06 

30.384 

0.980 

SO 

579.74 

20.677 

0.999 

60 

371.62 

14.354 

0.994 

70 

244.48 

10.137 

0.976 

presented  in  Tables  67-75.  The  relations  were  used  with  the  retentions  to  calculate  the 
molecular  weight  of  each  fraction.  The  results  are  provided  in  Tables  76-84,  and  are 
grouped  both  by  solute  as  weU  as  by  temperature.  The  data  are  also  shown  graphically  in 
Figure  28.  The  various  probe-solutes  give  quite  good  agreement  for  the  molecular  weights 
of  the  fractions,  which  were  found  to  range  from  ca.  900  Da  (lA)  to  ca.  12000  Da  (5A). 
The  bulk  averaged  ca.  1100  Da. 

Density  Determination  of  Fraction  Molecular  Weights.  It  will  be  recalled  from 
previous  work  that  the  density  of  R-4SM  was  found  to  correlate  with  its  number-average 
molecular  weight.  Shown  in  Figure  29  is  ^e  regression  of  density  against  fraction  number; 
the  error  bars  correspond  to  +  0.002  g  cm"^,  the  estimated  error  on  the  measurements.  As 
shown,  within  these  limits  one  could  draw  virtually  any  line-shape,  that  is,  the  density  data 
were  insufficiently  accurate  to  permit  quantitative  determination  of  the  fraction 
molecular  weights.  (The  density  observed  for  fraction  4A  is  clearly  very  discTepanFIT 
Even  so,  density  measurements  are  nevertheless  on  excellent  way  of  detecting  gross 
differences  between  bulk  lots  of  R-45M. 


TABLE  67.  Smoothed  (van't  Hoff)  Specific  Retention  Volumes  v2/cm^  g**^  and  Linear 
Least-Squares  Correlation  Coefnclents  r  for  Listed  Probe  Solutes  Si  Indicated  Tempera¬ 
tures  with  Fraction  lA  of  Sartomer  R20LM  R-4SM 


Vg/cm^  g"^ 


40*C 

S0*C 

60®C 

70*0 

80®C 

r 

Methyl  Ethyl 
Ketone 

79.43 

58.88 

(l.O) 

Acetylacetone 

1323. 

861.1 

575.2 

393.4 

0.99998 

Butyronitrile 

31S.5 

219.8 

1S6.S 

113.5 

0.99999 

Valeronitrile 

1246. 

804.0 

S32.S 

361.3 

0.a999g 
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Methyl  Ethyl 
Ketone 

Acetylacetone 

Butyronitrile 

Valeronitrtte 


Methyl  Ethyl 
Ketone 

Acetylacetone 

Butyronitrile 

Valeronitrile 


Methyl  Ethyl 
Ketone 

Acetylacetone 

Butyronitrile 

Valeronitrile 


TABLE  68.  As  in  Table  67;  Fraction  IB 


V|/cm3 


40®  C 

50®C 

60®C 

70®  C 

80®C 

r 

78.40 

58.00 

(1.0) 

1299. 

843.1 

561.5 

383.0 

0.99984 

307.9 

214.6 

152.8 

110.9 

0.99995 

1229. 

790.6 

522.2 

353.4 

0.99995 

TABLE  69,  As  in  Table  67;  Fraction  2 A 


V®/cm^ 

40®C 

S0®C 

60®C 

70®C 

80®C 

r 

68.37 

51.36 

(l.O) 

1213, 

776.5 

510.7 

344.1 

0.9999. 

0 

273.0 

189.0 

133.7 

94.48 

0.99977 

Ull. 

706,8 

462.1 

309.7 

Q.9999q 

TABLE  70,  As  in  Table  67;  Fraction  2D 


40®C 

S0®C 

60®C 

70®C 

80®C 

r 

67.20 

49.53 

(l.O) 

1181. 

7S4.0 

494.7 

332.6 

0.99998 

269.3 

184.7 

129.5 

92.63 

0.9998, 

41 

1085. 

688.2 

448.5 

299.6 

0.9999g 

105 


TABLE  71.  As  in  Table  67;  Fraction  3A 


V°/cm3  g-1 


40®C 

50®C 

60®C 

70®C 

80®C 

r 

Methyl  Ethyl 
Ketone 

Acetylacetone 

1085. 

694.7 

456.7 

61.97 

307.6 

45.84 

(1.0) 

0.9999g 

Butyronitrile 

240.3 

165.8 

117.0 

84.15 

0,99998 

Valeronitrile 

953.1 

611.4 

400.8 

269.3 

0.9999g 

TABLE  72.  As  in  Table  67;  Fraction  3B 

Vg/om^  . 

40*^0  S0®C  60®C  70®C 

80*C  i 

Methyl  Ethyl 
Ketone 

Acetylacetone 

1069. 

685.8 

452.0 

60.96 

305.2 

44.52 

(1.0) 

0.9999g 

ButyronltrUe 

233.4 

161.9 

114.8 

82.96 

0.9999g 

ValeronitrUe 

944.3 

604.6 

3S7.5 

267.9 

0.9999g 

TABLE  73.  As  in  Table  67;  Fraction  4 A 

Vg/om^ 


40*c 

S0*G 

60®C 

70®C 

80®C 

r 

Methyl  Ethyl 
Ketone 

Acetylecetone 

1074. 

68S.S 

449.6 

60.61 

302.3 

43.82 

(1.0) 

0.9999g 

Butyronitrile 

237.0 

163.0 

114.6 

82.24 

0.99999 

Valeronitrile 

951.1 

607.1 

398.1 

267.5 

0.99992 
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TABLE  74.  As  in  Table  67;  Fraction  4B 


40®C 

50®C 

60*C 

70®C 

80®C 

r 

Methyl  Ethyl 
Ketone 

56.87 

42.44 

(1.0) 

Acetylacetone 

995.4 

638.5 

420.6 

283.9 

0.9998^ 

Butyronitrile 

212.0 

148.3 

105.8 

77.01 

0.99994 

Valeronitrile 

872.6 

SSS.9 

363.9 

244.1 

0.99963 

TABLE  7S.  As  in  Table  67;  Fraction  5 A 

40®C 

50®C 

60®C 

70®C 

80®C 

r 

Methyl  Ethyl 
Ketone 

Acetylacetone 

968.9 

619.0 

406.3 

56.82 

273.2 

41.53 

(1.0) 

0.9999g 

Butyronitrile 

211.7 

147.2 

104.5 

75.66 

0.9999g 

Valeronitrile 

830.3 

530.7 

348.5 

234.5 

0.9998^ 

TABLE  76.  Number- Average 

Molecular 

Weights  of  Indicated  Fractions  of  Sartom^ 

R20LM  H<45M  Determined  from  Retentions  of  Methyl  Ethyl  Ketone  Solute  at  70-80®C 

M^/Da 

Fraction 

70®C 

80®C 

Ave. 

lA 

972.5 

972.9 

972.7 

18 

1009. 

1013. 

1011, 

2A 

1576. 

1463. 

1520. 

28 

1710, 

1667. 

1689. 

3A 

38 

— 

— 

— 

4A 

48 

— 

— 

— 

SA 

«■** 

— 

Bulk  n20LM 

1131. 

1133. 

1132. 
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TABLE  77.  As  in  Table  76;  Acetylacetone  Solute  at  40-70®C 


M^/Da 


Frnntion 

40®C 

50*C 

60®C 

70®C 

Ave. 

lA 

IB 

1011. 

1099. 

977.2 

1065. 

951.7 

1040. 

930.8 

1020. 

967.7 

1056. 

2A 

2B 

1615. 

1956. 

1599. 

1925. 

1590. 

1906. 

1581. 

1889. 

1596. 

1919. 

3A 

3B 

5213. 

4153. 

5028. 

3617. 

4071. 

3277. 

3532. 

4065. 

4210; 

4A 

4B 

6576. 

9023. 

5063. 

4340. 

3894. 

10800. 

4968. 

9912. 

SA 

11580. 

12200. 

11890. 

Bulk  R2QLM 

1147. 

1148. 

1152. 

1153. 

1150. 

TABLE  78.  As  In  Table  76;  Butyronltrile  Solute  at  50*^0*C 


Mj^/Da 


Fraction 

S0®C 

60®C 

70®C 

80®C 

Ave, 

lA 

IB 

926.8 

1010. 

890.6 

962*5 

860.4 

923.7 

836.3 

893.2 

878.5 

947.4 

2A 

2B 

1723. 

1860. 

1598. 

1797. 

1505, 

1749. 

1135. 

1712. 

1565. 

1780. 

3A 

3B 

SC82. 

3964. 

5285. 

33S6. 

4001. 

2974. 

3318. 

3844. 

4201. 

4A 

4B 

6315. 

7455. 

4826. 

4047. 

3567. 

7853. 

4689. 

7654. 

5A 

— 

- 

— 

11410. 

11410. 

Bulk  U20LM 

949.2 

966.2 

979.8 

992.6 

972.0 
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TABLE  7§.  As  in  Table  76;  Valeronitrile  Solute  at  40-70  ®C 


M^/Da 


Fraction 

40®C 

50*0 

60*0 

70*0 

Ave. 

lA 

961.3 

922.1 

892.1 

867.7 

910.8 

IB 

1016. 

980.6 

953.0 

930.6 

970.1 

2A 

1881. 

1627. 

1586. 

1554. 

1612. 

2B 

1958. 

1907. 

1868. 

1837. 

1893. 

3A 

_ 

4079. 

4079. 

3B 

— 

— 

— 

4332. 

433’I;. 

4A 

4B 

— 

— 

5425. 

4397. 

4911. 

5A 

— • 

— 

13010. 

— 

13010. 

Bulk  R20LM 

974.0 

977.9 

976.6 

977.3 

976.5 

TABLE  80.  Number- Average  Molecular  Weights  of  Fractions  of  Sartomer  R20LM  R-45M 
Determined  from  Retentions  of  Indicated  Probe-Solutes  at  40*C 


Mjj/Da 


Fraction 

Acetylacetone 

Solute 

Valeronitrile 

Solute 

Ave, 

lA 

1011. 

961,3 

986.2 

IB 

1099. 

1016. 

1058. 

2A 

1615. 

1681. 

1648. 

2B 

1956. 

1958. 

1957. 

3A 

5213. 

5213. 

3B 

— 

— 

— 

4A 

6576. 

6576. 

4B 

9023. 

MM 

9023. 

5A 

11580. 

“ 

11380. 

Bulk  R20LM 

1147. 

974.0 

1061. 

TABLE  81.  As  in  Table  80;  50®C 


Acetylacetone 

Butyronitrlle 

Valeronitrile 

Fraction 

Solute 

Solute 

Solute 

Ave. 

lA 

977.2 

926.8 

922.1 

942.0 

IB 

1065. 

1010. 

980.6 

1019. 

2A 

1599. 

1723. 

1627. 

1650. 

2B 

1925. 

1860. 

1907. 

1897. 

3A 

4153. 

5082. 

— 

4618. 

3B 

5028. 

— 

5028. 

4A 

5063. 

6315. 

— 

5689. 

4B 

— 

7455. 

7455. 

5A 

— 

— 

— 

— 

Bulk  R20LM 

1148. 

949.2 

1148. 

1025. 

TABLE  82. 

As  in  Table  80;  60 *C 

M^/Da 

Acetylacetone 

Butyronitrlle 

Valeronitrile 

Fraction 

Solute 

Solute 

Solute 

Ave. 

lA 

951.7 

890,6 

892.1 

911.5 

IB 

1040. 

962.5 

953.0 

985.2 

2A 

,  1590. 

1598. 

1586. 

1591. 

2B 

1906. 

1797, 

1868. 

1857. 

3A 

3617. 

3964. 

*iii^ 

3791. 

3B 

4071. 

5285. 

4678. 

4A 

4340. 

4826. 

5425. 

4864. 

4B 

mm* 

mm* 

5A 

— 

13010. 

O 

o 

• 

Bulk  R20LM 

US2. 

966.2 

976.6 

1032. 

110 


TABLE  83.  As  in  Table  80;  70®C 


Fraction 

Mjj/Da 

Methyl  Ethyl 
Ketone  Solute 

Acetylacetone 

Solute 

Butyronitrile 

Solute 

Valeronitrile 

Solute 

Ave. 

lA 

972.S 

930.8 

860.4 

867.7 

907.9 

IB 

1009. 

1020. 

923.7 

930.6 

970.8 

2A 

1S76. 

1581. 

1505. 

1554. 

1554. 

2B 

1710. 

1889. 

1749. 

1837. 

1796. 

3A 

3277. 

3356. 

4079. 

3571. 

3B 

— 

3532. 

4001. 

4332. 

3955. 

4A 

3894. 

4047. 

4397. 

4113. 

4B 

— 

10800. 

— 

-- 

10800. 

SA 

— 

12200. 

— 

— 

12200. 

Bulk  R20LM 

1131. 

1153. 

979.8 

977.3 

1065. 

TABLR  84.  As  in  Table  80;  80*’C 

M„/Da 

Fraction 

Methyl  Ethyl 
Ketone  Solute 

Butyronitrile 

Solute 

Ave. 

lA 

972.9 

836.3 

904.6 

IB 

1013. 

893.2 

953.1 

2A 

1463. 

1435. 

1449. 

2B 

1667. 

1712, 

1690. 

3A 

2974. 

2974. 

3B 

— 

3318. 

3318. 

4A 

3567. 

3567. 

4B 

— 

7853. 

7853. 

SA 

— 

11410. 

11410. 

Bulk  R20LM 

1133. 

992.6 

1063. 

111 


Mn 


FIGURE  88.  Number-average  molecular  weights  of  R-45M  fractions  from 
Inverse  GC  data  of  Tables  80-84. 
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Gel-Permeation  Chromatographic  Determination  of  Fraction  Molecular  Weights. 
The  GPC  calibration  plot  of  log  against  Vp  is  shown  in  Figure  30,  where  the  R-45M 
standards  were  the  ARCO  X  series,  describecT  in  previous  work,  and  toluene.  There  is 
some  scatter  in  the  data;  nevertheless,  linear  regression  (r  =  0.98)  gave  the  equation;  log 
Mjj  =  6.405  -  0.222  V^.  The  fraction  molecular  weights  determined  with  this  relation  and 
their  retention  volumes  are  provided  below  in  Table  85,  where  a  comparison  with  the 
averages  of  the  GC  data  is  also  made.  There  was  some  doubt  about  the  GPC  molecular 
weights  of  fractions  4A,  4B  and  5A  due  to  multiple  peaks  observed  for  each.  Those  for 
fractions  4A  and  5A  are  shown  in  Figures  31  and  32  as  illustrations.  The  remaining  data 
are  in  reasonable  agreement  with  those  observed  by  inverse  gas  chromatography. 

Overall,  it  was  shown  in  this  portion  of  the  work  that  the  inverse  GC  method  does 
indeed  offer  a  means  of  assessing  the  stationary-phase  molecular  weight.  However, 
there  is  some  temperature-dependence  of  the  data,  as  shown  in  Tables  80-84.  Greater 
accuracy  is  therefore  gained  when  the  molecular  weights  of  lots  of  R-45M  are  calculated 
from  the  averages  of  those  derived  from  the  probe-solute  retentions  at  several 
temperatures. 


TABLE  85.  Comparison  of  Inverse  GC  (Tables  80-84)  and  GPC  Number-Average 
Molecular  Weights  for  Indicated  Fractions  of  Sartomer  R20LM  R-45M 


M„/Da 


Fraction 

GC 

GPC 

lA 

932.4 

940,5 

IB 

996.1 

1067. 

2A 

1573. 

1422. 

2B 

1787. 

— 

3A 

3996. 

3B 

4206. 

— 

4A 

4856. 

(3925.) 

4B 

8783. 

(4025.) 

SA 

12103. 

— 

Bulk  R20LM 

1058. 

1247. 
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FIGURE  30.  GPC  nomograph  of  log  against  Vj^  for  ARGO  R-45M  standards 
and  toluene. 


Fraetioa  H3fdroxyI  Content.  The  concentrations  used  to  define  the  hydroxyl- 
content  nomograph  constructed  with  the  stand^d  6-undecanol  are  provided  in  Table  86. 
The  values  ranged  from  20  up  to  100  raeq  dm'^.  A  plot  of  the  results  is  then  shown  in 
Figure  33.  The  equation  of  the  straight  line  is:  Y  =  1.5566X  +  14.63j  with  a  correlation 
coefncient  of  at  least  0.999.  The  finite  intercept  is  consistent  with  that  found  in 
previous  work.  That  is,  the  method  is  applicable  to  hydroxyl  values  of  no  less  than  ca.  20 
meq  dm“^. 

As  a  test  of  the  goodness  of  fit  of  the  data,  as  well  as  the  overall  applicability  of 
the  method,  the  ARCO  standards  comprised  of  the  "X”  series,  lOLM,  14LM,  20LM,  25LM, 
and  120HM,  were  also  run.  The  reported  (Hinney,  et  al.,  loc.  cit.)  and  measured  hydroxyl 
values  are  provided  in  Table  87.  The  agreement  is  reasonably  satisfactory. 

The  hydroxyl  contents  of  the  Sartomer  R20LM  fractions,  obtained  as  described 
above,  as  well  as  those  of  R-45M  samples  obtained  later  from  AL,  are  reported  in  Table 
88.  The  former  date,  are  shown  plotted  in  Figure  34,  and  regress  according  to  the 
relation:  Y  =  0.02176X'*  -  0.4248X  +  2.447. 


Phase  n,  Task  2.  GLC  Determiuatioo  of  Hydroxyl  Content 

Hydroqfl-Content  Independence  of  Retentions  of  Molecular-Weight  Probe 
Solutes.  In  seeking  to  establish  a  set  of  probe-solutes  whose  retentions  are  sensitive  to 
hydroxyl  content,  molecular-weight  effects  must  of  course  also  be  accounted  for.  That 
is,  changes  in  M  could  be  mistaken  for  changes  in  OH  content  unless  a  method  can  be 
derived  that  takes  the  former  into  consideration.  As  a  corollary,  the  molecular-weight 
probe  solutes  should  of  course  be  independent  of  hydroxyl  content,  for  the  same  reason. 
As  it  happened,  three  lots  of  R-4SM  were  to  hand  with  which  these  criteria  could  be 
evaluated  for  given  sets  of  solutes. 

Table  89  presents  the  retentions  of  the  two  most  useful  molecular-weight  marker 
solutes,  butyronitrile  and  valeronitrile,  at  the  three  best  temperatures,  50-70*C,  with 
three  totches  of  R-45M,  Lots  40,  ACH  V004,  and  42B.  Also  given  are  the  hydroxyl 
contents  and  molecular  weights  of  the  materials.  (Recall  that  the  solvent-extraction 
patterns  of  the  materials.  Figures  25-27,  were  nearly  identical.)  As  shown,  the 
retentions  of  the  solutes  at  each  temperature  fall  to  within  an  experimental  error  of  at 
worst  ca.  1 1.5%.  It  is  also  fortunate  that  n-alkyl  nitriles  turn  out  to  be  useful  as  marker 
solutes,  since  homologous  series  behavior  (e.g.,  regressions  against  carbon  number)  and 
the  employment  of  retention  indices  thereby  become  possible  (see  later).  There  is  in  any 
event  little  question  that  the  retentions  of  these  solutes  are  dependent  upon  the  solvent 
molecular  weight,  but  are  independent  of  the  solvent  hydroxyl  content. 

Further  confirmation  of  the  accuracy  with  which  the  nitriles  reflect  molecular 
weight  is  provided  in  Table  90,  which  gives  the  retentions  of  the  solutes  with  the  ARCO 
X  series  of  standards,  ^so  shown  are.the  linear  least-squares  correlation  coefficients,  r, 
for  the  regressions  of  Vz  against  Mn~^,  which  should  be  straight  lines.  The  correlations 
are  exact  at  50*C,  altlrou^  fall  off  somewhat  ajL70*C.  Note  also  that  the  hydroxyl 
contents  of  the  prepolymers  run  from  1.73  meq  g“^  for  X-IOLM  to  0.59  meq  g“^  for  X- 
120HM,  that  is,  fall  by  a  factor  of  3,  yet  the  retentlon/molecular-weight  correlations 
still  hold.  That  is,  the  retentions  are  dependent  upon  the  molecular  weight,  but  are 
independent  of  the  hydroxyl  content. 
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TABLE  86.  Amounts  of  6-Undecanol  Standard  Employed  for  FT-IR  Nomographic 
Determination  of  Hydroxyl  Content  of  Samples  of  R-45M 


Hydroxyl 

Content/meq  dm**^ 

19.994 

38.894 

58.886 

81.347 

99.767 


6>Undecanol 
Concentration/meq  g~^ 

47.8 

73.7 

104.2 

141.9 

170.8 


TABLE  87.  Test  of  Accuracy  of  FT-IR  Nomographic  Determination  of  Hydroxyl  Content 
with  ARCO  Series  of  R-45M 


Hydroxyl  Content/meq 


Sample 

Claimed 

Found 

X-IOLM 

1.75 

1.69 

X-14LM 

1.43 

1.36 

X-20LM 

1.39 

1.39 

X-25LM 

1.19 

1.12 

X-120HM 

0.60 

0.57 
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FIGOBE  S3.  Hydroxyl-Content  Nomq^raph  Constructed  from  Data  of  Table  86 


TABLE  88,  Hydr  oxyl  Content  of  Bulk  and  Fractionated  It-45M 


A.  Fractionated  R-20LM 


Sample 


Hydroxyl  Content/meq  g“^ 


lA  1.94 

IB  1.97 


2A  U7 

2B 

3A  0.74 

3B  0.09 

4A 
4B 

5A 


0.62 

0.23 


Bulk 


1.73 


B.  BulkR"45M 


Lot  40 

0.72 

Lot  42B 

1,19 

Lot  T002 

1.10 

Lot  ACH  VOOl 

1.03 

Lot  ACH  V004 

0.96 

Lot  A8l281d 

1.07 
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TABLE  89.  Hydroxyl-Content  Independence  of  Retentions 
of  Molecular-Weight  Probe  Solutes 


g~l 

-  ^  - 


Solute 

trc 

Lot  40 

Lot  ACH  V004 

Lot  42B 

Butyronitrile 

50 

232.6 

235.8 

236.5 

60 

160.5 

162.0 

163.2 

70 

113.2 

113.8 

115.1 

Valeronitrile 

SO 

603.7 

612,4 

611.7 

6C 

397.3 

400.1 

403.1 

Prepolymer 

70 

267.9 

267.9 

272.2 

[OH]/meqg"^ 

Mn/Da 

0.72 

0.96 

1.19 

Table  90.  Retentions  of  Molecular-Weight  Probe  Solutes 
with  ARCO  X  Series  of  R-45M  Standards 


Vg/'om^  g~^ 


Solute 

trc 

X-IOLM 

X-20LM 

X-25LM 

X-120HM 

ra 

Butyronitrile 

50 

306.7 

287.6 

276.7 

249.4 

0.9999 

60 

209.5 

197.4 

189.7 

163.2 

0.9983 

70 

146.3 

138.5 

133.0 

116.1 

0.994o 

Valeronitrile 

50 

780.0 

733.8 

706.6  ■ 

.  642.4 

0.9999 

60 

506.5 

481.4 

462.5 

412.1 

0.9963 

70 

337.3 

323.6 

310.3 

271.3 

0.986g 

Prepolymer 

[OHVrneq 

1.73 

1.40 

1.18 

0.59 

Mn/Da 

1040 

1350 

1630 

3335 

S.  Least-squares  correlation  coefficient  of  regression  of  against  Mn”^. 
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Hydro:Qrl~Content  Dependence  of  Retentions  of  Hydrozyl»Content  Probe  Solutes. 
A  review  of  the  solute  retentions  with  the  R-45M  batches  provided  in  Tables  60-65,  Lots 
40,  ACH  V004,  and  42B,  reveals  two  compounds  that  appear  to  reflect  hydroxyl  content, 
namely,  acetone  and  chloroform  at  30®C.  The  relevant  data  are  provided  below  in  Table 
91.  The  retentions  of  acetone  increase  significantly  on  passing  from  Lot  40  (OH  content 
of  0,72  meq  g"^)  to  42B  (OH  of  1.19  meq  g“^);  while  those  of  chloroform  increase  less  so. 

[It  is  significant  that  the  largest  changes  in  the  solute  retentions  occur  at  the 
lowest  temperature  evaluated.  The  presumed  hydrogen-bonding  interactions  are 
undoubtedly  weak  to  begin  with  because  of  the  relatively  low  hydroxyl  content  of  the 
prepolymers.  As  a  result,  the  effects  are  evident  only  at  the  lowest  temperature,  and 
disappear  when  the  system  temperature  is  raised  by  as  little  as  10”,  Therefore,  to 
enhance  retention  differences  from  one  lot  of  R-4SM  to  another,  either  the  temperature 
must  be  lowered  still  further,  or  another  set  of  solutes  chosen  that  interact  more 
strongly  with  stationary-phase  hydroxyls,  e.g.,  small-molecule  alcohols  (methanol, 
ethanol,  etc.).  An  evaluation  of  alcohol  solutes  was  therefore  undertaken;  the  results  are 
provided  in  a  later  Section,] 

A  further  test  of  the  extent  to  which  acetone  and  chloroform  reflect  hydroxyl 
content  is  given  in  Table  92,  which  provides  the  retentions  with  the  X  series  of  ARCO  R- 
45M  standards.  The  specific  retention  volumes  decrease  because  the  molecular  weights 
of  the  prepolymers  increase  on  passing  from  X-IOLM  through  X-120HM.  Thus, 
molecular-weight  changes  mask  any  effects  due  to  hydroxyl  content,  as  indicated  earlier 
might  well  be  the  case.  Retentions  relative  to  those  of  the  molecular-weight  nitrile 
probe  solutes  must  therefore  be  used,  as  was  the  case  in  what  follows. 

The  acetone  and  chloroform  retention  data  at  30”C  relative  to  those  of 
butyronitrile  and  valeronitrile  solutes  at  S0-70®C  are  provided  below  in  Table  93,  There 
is  a  pronounced  rise  in  aU  of  the  data  on  passing  from  X-IOLM  through  X-120HM,  i.e,, 
with  Increasing  hydroxyl  content.  The  most  notable  change  in  the  alpha  values,  that  is, 
the  solute  most  sensitive  to  hydroxyl  content,  is  chloroform,  relative  to  butyronitrile,  at 
50®C. 


TABLE  91.  Hydroxyl-Content  Dependence  of  Retentions 
of  Hydroxyl-Content  Probe  Solutes:  Sartomer  R-4SM  at  30®C 


Solute  ^ 
Acetone 
Chloroform 
Prepolymer 
lOHl/meqg“^ 
Mn/Da 


Vg/om^  g“^ 

Lot  40  Lot  ACH  V004  Lot  42B 

92.83  94.38  96.49 

341.1  343.6  348.9 

0,72  0.96  1.19 
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Table  92.  Hydroxyl-Content  Dependence  of  Retentions 
of  Hydroxyl-Content  Probe  Solutes;  ARCO  R-45M  at  30*C 


Vg/cm 

Solute 

X-IOLM 

X-20LM 

X-25LM 

X-120HM 

Acetone 

115.9 

111.4 

107.7 

100.4 

Chloroform 

382.3 

368.9 

361.0 

353.3 

Prepolymer 

[OHl/meq 

1.73 

1.40  . 

1.18 

0.59 

Mn/Da 

1040 

1350 

1630 

3335 

Table  93.  Hydroxyl-Content  Dependence  of  Relative  Retentions 
of  Hydroxyl-Content  Probe  Solutes;  ARCO  R-45M  at  30“C 


Ref. 


Solute 

t/*C  •  X-IOLM 

X-20LM 

X-25LM 

X-120HM 

A.  Butyronitrile  Reference  Solute 

Acetone 

50 

0.3779 

0.3873 

0.3892 

0.4026 

60 

0.5532 

0.5643 

0.5677 

0.5969 

70 

0.7922 

0.8043 

0.8098 

0.8648 

Chloroform 

30 

1.247 

1.283 

1.305 

1.417 

60 

1.825 

1.869 

1.903 

2.101 

70 

2.613 

2.664 

2.714 

3.043 

B.  Valeronitrile  Reference  Solute 

Acetone 

SO 

0.1486 

0.1518 

0.1524 

0.1563 

60 

0.2288 

0.2314 

0.2329 

0.2436 

70 

0.3436 

0.3443 

0.3471 

0.3701 

Chloroform 

SO 

0.4901 

0.5027 

0.5109 

0.5500 

60 

0.7548 

0.7663 

0.780S 

0.8573 

70 

1.133 

1.140 

1.163 

1.302 

Prepolymer 

(OHl/meq  g“^ 

1.73 

1.40 

1.18 

0.59 

Mn/Da 

1040 

1350 

.  1630 

3335 
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Molecular-Weight-Independent  Retention  Indices.  The  method  of  determining 
hydroxyl  content  via  relative  retentions,  as  illustrated  by  the  data  provided  in  Table  93, 
has  the  drawback  that  capacity  factors  (at  least)  must  be  determined  precisely  and 
accurately  at  two  temperatures.  Moreover,  the  data  are  extremely  temperature- 
dependent.  It  would  therefore  be  useful  if  the  method  could  somehow  be  modified  so  as 
to  be  relatively  insensitive  to  changes  in  the  column  temperature,  the  flow  rate,  and  so 
forth.  One  method  of  doing  so  is  to  use  Kovats  retention  indices,  I,  as  described  below. 

Retention  indices  are  defined  in  most  cases  in  terms  of  n-alkane  marker  solutes. 
However,  it  is  clear  from  the  data  presented  in  this  work  that  the  retentions  of  such 
compounds  are  functions  both  of  molecular  weight  and  hydroxyl  content  and  so,  are 
unsuitable  for  the  purpose  of  calculatli^  relative  retentions.  However,  Laub  pointed  out 
some  time  ago  (17)  that  virtually  any  homologous  series  of  compounds  can  be  used  to 
define  retention  indices,  since  the  retentions  of  compounds  differing  by  a  discrete  unit  (a 
benzene  ring,  a  methylene  unit,  etc.)  will  invariably  regress  linearly  with  "carbon 
number"  (however  this  is  defined). 

Accordingly,  the  specific  retention  volumes  for  acetonitrile  and  propionitrile  at  50- 
70*C,  calculated  from  regressions  of  log  V®  against  carbon  number  for  butyronitrile  and 
valeronitrile,  are  ^ven  in  Table  94.  The^  data  were  then  used  to  calculate  retention 
indices  relative  to  n-alkyl  nitriles,  here  given  the  symbol  tor  acetone  and 
chloroform  solutes  at  30 ^C.  The  residts  are  shown  in  Table  95. 

The  data  confirm,  first,  that  the  retention  indices  of  the  hydroxyl-content  probe 
solutes  reflect  the  increasing  hydroxyl  content  of  the  stationary  phases  independent  of 
molecular  weight.  Secondly,  the  retention-index  changes  are  not  trivial,  particularly  for 
chloroform  solute  at  50*C,  which  passes  from  424  to  438.  (Retention-index  data 
generally  are  reproducible  to  ±  1  R.I,  unit.)  However,  there  remains  considerable 
temperature  variation  of  the  data.  For  example,  chloroform  with  X-IOLM  changes  from 
423  at  50*C  to  515  at  70®C.  Thus,  the  GC  oven  temperature  control  must  be  quite  good 
if  chloroform  is  used  to  assess  hydroxyl  content  in  this  manner. 

In  order  to  alleviate  the  temperature  dependence  of  the  retention-index  method, 
hydroxyl-content  probe  solutes  need  to  be  identified  whose  retentions  are  suitable  at  the 
same  temperature(s)  as  Is(are)  used  for  the  molecular-weight  markers,  that  Is,  50-70®C. 
However,  the  strength  of  hydrogen-bonding  interaction  would  have  to  be  greater  than 
that  of  chloroform  in  order  to  be  observable  at  the  higher  temperatures.  SmaU-molecule 
alcohol  solutes  would  seem  to  be  useful  in  this  regard;  their  suitability  as  hydroxyl- 
content  probe  solutes  is  assessed  below.  In  the  meantime,  it  is  fair  to  say  that  solutes 
had  been  Identified  at  this  point  whose  retentions  do  in  fact  reflect  the  hydroxyl  content 
of  R-45M  prepolymers;  and  that  a  method  had  been  developed  for  taking  into  account 
variations  in  the  molecular  weight  of  the  stationary  phase. 


Phase  n,  Tai^  3.  Hydrosyl  Distributioit 

Inverse  GC  work  carried  out  to  date  has  failed  to  identify  probe  solutes  whose 
retentions  can  be  linked  unambiguously  to  hydroxyl  distribution.  For  example,  those  of 
acetylacetone  (2,4-Mnj;adedione)  with  Lots  40,  ACH  V004,  and  42B  at  30*C  are  1761, 
1780,  and  1754  cm^  g"^ irrespectively;  while  the  retentions  of  methyl  butyl  ketone  are 
1878,  1905,  and  1876  cm^  g"^.  In  fact,  all  of  the  monoketone  solutes  give  a  maximum 
'..'th  ACH  V004.  Thus,  no  distinction  could  be  drawn  between  the  retention  patterns  of 
the  monoketone  and  diketone  solutes.  The  matter  thus  invites  further  and  comprehensive 
study  in  future  efforts. 
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Table  94#  Retentions  of  Acetonitrile  and  Propionitrilei. 
with  ARCO  X  Series  of  R-45M  Standards  at  50-70*C 


V|/cm^ 


t/”c 

Solute 

X-IOLM 

X-20LM 

X-25LM 

X-120HM 

50 

Acetonitrile 

47.42 

44.18 

42.43 

37.59 

Propionitrile 

120.6 

112.7 

108.4 

96.83 

Butyronitrile 

306.7 

287.6 

276.7 

249.4 

Valeronitrile 

780.0 

733.8 

706.6 

642.4 

60 

Acetonitrile 

35.84 

33.19 

31.91 

28.02 

Propionitrile 

86.65 

80.95 

77.81 

68.65 

Butyronitrile 

209.5 

197.4 

189.7 

168.2 

Valeronitrile 

506.5 

481.4 

462.5 

412.1 

70 

Acetonitrile 

27.52 

25.37 

24.43 

21.26 

Propionitrile 

63.46 

59.28 

57.01 

49.68 

Butyronitrile 

146.3 

138.5 

133.0 

116.1 

Valeronitrile 

337.3 

323.6 

310.3 

271.3 

-  Derived  from  regressions  of  log  V°  against  carbon  number. 
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Ttblt  95«  Retention  Indices,  for  Hydroxyl-Content  Probe  Solutes 
with  ARCO  X  Series  of  R-45M  Standards  at  SO^C 


Ref. 

jCN 

Solute 

trc 

X-IOLM 

X-20LM 

X-25LM 

X-120HM 

Acetone 

so 

295.8 

298.7 

299.4 

303.8 

60 

332.9 

335.8 

336.5 

342.4 

70 

372.1 

374.3 

375.1 

382.9 

Chloroform 

SO 

423.6 

426.6 

428.4 

436.8 

60 

468.1 

470.1 

472.2 

482.8 

70 

515.0 

515.4 

517.9 

531.1 
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Phase  m.  Task  1.  Inyerse  GC  of  Sheeted  Lots  of  R-45M 

The  final  Phase  of  the  Contract  was  devoted  to  demonstrating  the  utility  of  IGC  for 
the  characterization  of  several  lots  of  R-45M.  In  doing  so,  only  conventional  equipment 
was  employed.  Fw  example,  instead  of  the  usual  laboratory-constructed  high-precision 
instrument  that  had  heretofore  been  used  to  measure  specific  retention  volumes,  activity 
coefficients,  etc.,  a  Varian  Model  14  commercial  packed-column  gas  chromatograph  was 
employed.  Also,  the  columns  were  5  ft  by  1/8-in  (ca.  3  mm),  which  were  packed  in  the 
usual  way  with  conventional  supports  (Chromosorb  G:  AW,  DMCS-treated).  Thus,  aU 
equipment,  materials,  and  supplies  used  in  what  follows  are  readily  available  in  any 
chemistry  laboratory.  The  methods  and  techniques  that  are  described  could  therefore  be 
easily  implemented. 

Reproducibility  of  Capacity  Factor  Data.  In  order  to  assess  in  practical  terms  the 
usefulness  of  the  inverse  GC  technique  for  the  characterization  of  R-45M  without 
extensive  data  acquisition/reduction  necessary  for  specific  retention  volumes,  it  was 
first  necessary  to  determine  to  what  extent  solute  capacity  factors,  k’  [=  (tj^  -  t^)/t a, 
i.e.,  data  taken  directly  from  stripchart  recordings]  could  be  reproduced  from  column  to 
column.  If  the  k'  could  not  be  reproduced,  then  differences  in  lots  of  R-45M  could  not  be 
detected.  On  the  other  hand,  if  the  k*  could  be  reproduced  to  within  some  reasonable 
error  limit,  then  changes  in  the  solute  retentions  could  be  ascribed  to  changes  between 
lots  of  R-45M,  rather  than  due  just  to  instrumental  artifact. 

As  a  result,  three  separate  columns  containing  5%  w/w  X-120HM  R-45M  were  run  at 
this  point  with  acetone,  ethanol,  propionitrile,  propanol,  chloroform,  butyronitrile,  and 
valeronitrile  solutes  at  80®C.  The  nitrile  solutes  were  chosen  because  their  retentions 
reflect  changes  In  the  stationary-[diase  molecular  weight  Independently  of  hydroxyl 
content;  while  the  remaining  compounds,  particularly  the  alcohols,  reflect  the  OH 
content.  Also,  the  temperature  of  80 ®C  was  used  because  most  commercial  GC*s  cannot 
maintain  column  temperatures  less  than  about  75®C  with  anx  accuracy.  In  addition,  the 
flow  rate  was  adjusted  with  each  column  to  ca.  20  cm"^  min"^;  the  retention  of  methane 
(presumed  not  to  be  retained  with  this  system)  was  0.60  min  in  each  case.  The  results  of 
the  replicate  runs  are  shown  below  in  Table  96. 


Table  96.  Replicate  Capacity  Factors,  k’,  of  Indicated  Solutes  with  X-120HM  R-45M 
Stationary  Phase  at  80  ®C 


k’ 


No. 

Solute 

Trial  1 

Trial  2 

Trial : 

1 

Acetone 

1.70 

1.77 

1.72 

2 

Ethanol 

1.70 

1.77 

1.72 

3 

Propionitrile 

3.50 

3.53 

3.53 

4 

Propanol 

3.50 

3.53 

3.53 

5 

Chloroform 

4.92 

5.00 

4.97 

6 

Butyronitrile 

6.72 

6.75 

6.73 

7 

Valeronitrile 

15.2 

15.3 

15.5 

The  data  show,  first,  that  the  capacity  factors  are  reproducible  to  at  worst  ±  2%,  and 
then  only  for  the  most  volatile  solutes,  acetone  and  ethanol  (overlapped).  Also,  the 
retentions  were  measured  simply  with  a  stopwatch  (the  use  of  a  modern  integrator  would 
therefore  presumably  improve  the  precision  of  measurement  of  the  elution  times).  In  any 
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event,  it  is  clear  from  the  results  that  the  absolute  capacity  factor  data  with  columns 
and  conditions  even  with  analytical  GC’s  as  simple  as  a  Varian  Model  14  are  quite  repro¬ 
ducible,  and  that  the  latter  instrumentation  is  therefore  suitable  for  the  IGC  of  R-45M. 

Variation  of  Retentions  with  R-45M.  Table  97  presents  the  capacity  factors  of  the 
solutes  of  Table  96  with  the  four  ARCO  standards,  X-IOLM,  X-20LM,  X-25LM,  and  X- 
120HM  (the  latter  averaged  over  three  trials);  as  weR  as  with  Sartomer  R-20LM  and  Lots 
40,  42B,  and  V004  of  R-45M.  The  retentions  as  weU  as  elution  order  change  considerably 
on  passing  across  the  table  for  any  given  solute.  For  example,  n-propanol  and  chloroform 
are  well  separation  with  X-IOLM,  overlap  completely  with  X-20LM,  are  well  separated 
^  again  with  X-25LM  and  X-120HM  but  with  inversion  of  retention  order,  which  reverses 

again  with  R20LM. 


Table  97.  Capacity  Factors,  k',  of  Solutes  of  Table  96  with  Indicated  Lots  of  R-45M 
Stationary  Phase  at  80*C 

k' 


No. 

Solute 

lOLM 

20LM 

25LM 

120HM 

R20LM 

40 

42B 

V004 

1 

Acetone 

2.50 

2.17 

1.80 

1.73 

2.33 

1.33 

1.68 

2.00 

2 

Ethanol 

3.28 

2.68 

1.80 

1.73 

3.12 

1.33 

1.68 

2.00 

3 

PropionitrUe 

5.17 

4.43 

3.37 

3.52 

4.68 

2.72 

3.22 

3.80 

4 

Propanol 

7.27 

5.88 

3.63 

3.52 

6.90 

2.95 

3.62 

4.12 

5 

Chloroform 

6.33 

5.88 

5.00 

4.96 

5.93 

4.07 

4.83 

5.48 

6 

Butyronitrlle 

10.5 

8.83 

6.77 

6.73 

9.60 

5.53 

6.67 

7,58 

7 

Valeronltrile 

23.9 

20.3 

15.5 

15.3 

21.9 

12.9 

15.1 

17.2 

Variations  in  the  retentions  and  retention  order  are  visualized  more  easily  by  direct 
inspection  of  the  chromatograms,  which  are  shown  below  in  Figures  35-40.  The  first  four 
were  obtained  with  X-IOLM,  X-20LM,  X-25LM,  and  X-120HM  R-45M  stationary  phases; 
while  the  latter  two  were  with  R20LM  and  lot  40. 

The  flrst  chromatogram.  Figure  35,  shows  solute  no.  4,  n-propanol,  eluting  well  after 
no.  5,  chloroform. 

In  Figure  36,  obtained  with  X-20LM,  nos.  4  and  5  overlap  completely.  No.  4  elutes 
well  before  no.  5  with  X-25LM,  Figure  37;  however,  it  also  overlaps  considerably  with  no. 
3,  proplonitrile.  In  addition,  solutes  1  and  2,  acetone  and  ethanol,  are  completely 
unresolved. 

The  solute  pairs  1  with  2  and  3  with  4  are  overlapped  fully  with  X-125HM  phase, 
Figure  38. 

All  solutes  are  well  resolved  with  R20LM  solvent,  Figure  39,  but  the  retention  times 
(hence,  capacity  factors)  are  nearly  as  long  as  those  found  with  X-IOLM. 

Finally,  the  retentions  with  lot  40  R-4SM,  Figure  40,  result  in  solutes  1  and  2  being 
fully  overlapped,  3  and  4  partially  so,  and  5,  6,  and  7  being  well  separated,  an  with  quite 
low  retention  times  compared  with  any  other  lot  of  R-45M  considered  in  this  portion  of 
the  work. 

The  above  results  demonstrate  that  the  IGC  technique  is  indeed  capable  of  distingu¬ 
ishing  between  lots  of  R-45M.  Also,  as  detailed  In  previous  Sections,  nomographic 
reduction  of  the  retentions  yields  in  addition  the  stationary  phase  molecular  weight  and 
hydroxyl  content.  It  is  worth  emphasizing  at  this  point  that  the  above  work  was  carried 
out  with  a  simple  packed-column  GC  and  stripchart  recorder. 
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FIGURE  35.  Packed-column  gas  chromatogram  of  solutes  of  Table  96  with  X-IOLM 
stationary  phase  at  80  *C.  See  Text  for  column  details  and  conditions. 
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FIGURE  36.  As  in  Figure  35;  Xo20LM  stationary  phase. 


FIGURE  37.  As  in  Figure  35;  X-2SLM  stationary  phase. 


1,2 


PIGDRB  3t*  As  to  Figure  35;  X>‘120HM  stationary  phase. 
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FIGUBE  39.  As  Iq  Figure  35;  E20LU  statleitar;y  piiase. 
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Phase  m,  Task  2.  Chain  Branching 

Throughout  the  Contract,  the  (potential)  effects  of  chain  branching  on  the  IGC 
retentions,  the  fractionation  patterns,  and  so  forth,  were  looked  for.  However,  none 
were  seen,  as  mentioned  earlier.  For  example,  the  probe-solute  GC  retentions  with  the 
ARCO  standard  stationary  phases  correlated  as  expected:  retentions  were  a  linear 
function  of  the  inverse  molecular  weight  of  the  solvent.  Also,  once  having  taken 
molecular  weight  effects  into  account,  the  hydroxyl  probe-solute  retentions  correlated  ^ 

directly  with  the  hydroxyl  contents  of  the  stationary  ^ase.  Thus,  no  anomalous  effects 
were  detected.  That  is  of  course  not  to  say  that  there  is  no  chain  branching  in  R-45M; 
rather,  that  chain  branching  could  not  be  detected  by  the  methods  used.  Even  so,  there 
is  some  evidence  that  GC  retentions  respond  to  chain  branching  (22).  It  may  therefore  i 

prove  possible  to  quantitate  chain  branching  in  polymers  such  as  R-45M  by  some  or  other 
form  of  Inverse  chromatography,  e.g.,  supercritical  fluid  chromatography. 


SUMMARY  AND  CONCLUSIONS 


The  technique  known  as  "inverse"  gas  chromatography  (IGC)  has  been  developed  as  a 
tool  for  the  characterization  of  materials  such  as  R'^lM.  The  resultant  practical 
methodologies  and  techniques  make  use  only  of  simple  commercially-available 
equipment,  and  can  be  applied  to  analysis  and  routine  quality  control  of  other  prepolymer 
systems,  particularly  those  that  are  not  easily  characterized  by  conventional  means. 


In  the  first  part  of  the  work,  a  new  procedure  for  determining  the  number-average 
molecular  weight  of  hydroxy-terminated  polybutadtene  by  IGC  was  developed.  The  molar 
specific  retention  volumes,  V2' /cm^  mol of  probe-solutes  with  well-<Aaraeterized 
batches  of  R-4SM  were  measured  initially  in  order  to  identify  compounds  whose  elution 
behavior  correlated  with  Mr.  (In  this  mode  of  data  reduction  the  retentions  should 
regress  directly  with  molecular  weight.)  In  the  present  instance,  the  retentions  of 


chloroform  at  30*C  and  valeronitrile  at  30*  and  80*C  were  found  to  provide  significant 
distinction  even  between  R-45M  of  13S0  and  1420  Da,  independent  of  the  prepolymer 
hydroxyl  content;  In  contrast,  alkane  solutes  were  surprisingly  poor  indicators  of  M^. 
Regression  of  the  conventional-form  speclHc  retention  volumes  of  the  promising  probe- 
solutes,  va/cm3  g’l,  were  used  next  to  generate  nomt^aphs  of  Inverse  molecular 
weight,  the  linear  least-squares  correlation  coefficients  of  which  were  in  excess  of 
0.9999.  The  graphs  were  then  employed  to  assess  the  M,,  of  other  bulk  and  fractionated 
R-45M,  (Parenthetically,  the  solvent  fractionation  patterns  obtained  with  Iso-propyl 


alcohol/benzere  with  the  Sartomer  sample  of  R-^SM  were  quite  different  from  the 
ARCO  materials.  Also,  the  gas-chromatograpWo  speclftc  retention  volumes  of  the 
probe-solutes  with  the  Sartomer  lot  of  R-45M  at  S6-80*C  were  notably  divergent  from 
those  observed  with  ARCO  lotsJ  The  retentions  of  several  alkyl  nitrile  were  thereby 
shown  to  correlate  well  with  molecular  weight,  and  were  also  demonstrated  to  be 
independent  of  the  stationary-phase  hydroxyl  content. 


The  hydroxyl  contents  of  all  R-4SM  lots  were  next  determined  via  FT-IR  with 
nomographic  Beer*3  law  data  using  the  standard  6-undecanoL  The  correlation  coefficient 
of  the  nomograph  was  at  least  0.999.  However*  a  finite  intercept  limited  the  method  to 
hydroxyl  values  of  no  less  than  ca.  20  meq  dm"^.  The  ARCO  standards  comprised  of  the 
"X"  series,  lOLM,  14LM,  20LM,  25LM,  and  120HM,  gave  hydroxyl  values  that  were  in 
reasonable  agreement  with  published  data.  The  hydroxyl  contents  of  the  Sartomer 
R20LM  fractions  as  well  as  those  of  all  other  bulk  R-45M  samples  obtained  from  AL  wr.  e 
compared  with  the  Inverse  GC  retentions.  Acetone  and  chloroform  solutes  at  3Q**C  were 
found  to  correlate  linearly  and  positively  with  hydroxyl  content  (Increasing  retentions 
with  increasing  OH),  while  o-  and  p-xylene  correlated  linearly  and  negatively.  Both  the 
relative  retentions  and  retention  Indices  of  acetone  and  chloroform  (the  latter  based 
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upon  the  retentions  of  the  nitrile  standards  at  50 *C)  were  found  to  reflect  quite 
accurately  the  hydroxyl  content  of  R-45M  prepolymer  stationary  phases. 

The  determination  of  retentions  at  one  temperature  relative  to  those  at  another  is 
somewhat  inconvenient  as  well  as  imprecise.  An  alternative  procedure  was  therefore 
developed  that  made  use  of  nitrile  and  alcohol  solutes  with  simple  analytical  gas 
chromatographic  instrumentation  and  packed  columns  at  80®C.  Chromatograms  of  the 
molecular-weight  and  hydroxyl  marker  compounds  with  ARCO,  Sartomer,  and  AL  batches 
of  R-45M  under  these  conditions  did  indeed  exhibit  quite  dramatic  shifts  in  the  probe- 
solute  retentions,  in  accordance  with  the  respective  Mjj  and  OH  contents  of  the 
stationary  phases.  The  quantitation  of  R-45M  prepolymer  molecular  weight  and 
functionality  by  inverse  gas  chromatography,  making  use  only  of  a  simple  set  of  probe- 
solutes  and  GC  instrumentation  and  conditions,  was  thus  brought  to  hand. 
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